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The average ranges before decay of two monoenergetic mesotron groups have been measured. 
i : g x 


Within the statistical errors, the ranges are found to be in the same ratio as the average effective 


momenta, as theoretically predicted. From the two above measurements, and with a mesotron 


mass n=10°8 ev/c?, one obtains the values r»o=(2.8+0.3)x10°° and 


ro = (2.940.7) XK 10° 


second for the proper lifetime of mesotrons, in excellent agreement with previous measure- 


ments by Rossi and Hall. 


INTRODUCTION 


HE spontaneous disintegration of cosmic- 

ray mesotrons in the atmosphere has been 

the subject of many recent investigations.'~'® 
The quantity which is experimentally determined 
is the so-called average range before decay. If this 
quantity is designated by L, dz/L represents the 
fractional number of mesotrons which disinte- 
grate while traveling the distance dz. L is related 
to the lifetime of mesotrons at rest, 79, by the 
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equation 
L=pro M, (1) 


where yu is the rest mass and p the momentum of 
the mesotrons. Equation (1) follows immediately 
from the relativistic transformation formula for 
time intervals. 

The dependence of LZ on p expressed by Eq. (1) 
implies that the interpretation of the experi- 
mental results is most direct and unambiguous 
when mesotrons belonging to a narrow mo- 
mentum interval are recorded. Experiments on 
monoenergetic groups of mesotrons have been 
performed by Rossi and Hall,* by Nielsen, 
Ryerson, Nordheim, and Morgan,’ and by 
Bernardini, Cacciapuoti, Pancini, Piccioni, and 
Wick.® Under the assumption that the mesotron 
mass is n= 10° ev/c?, the experiments of Rossi 
and Hall give ro>=3.0+0.4 microseconds. Rossi 
and Hall have also compared the average range 
before decay of a fairly monoenergetic mesotron 
group with that of all mesotrons with momenta 
extending from the upper limit of this group to 
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infinity. In this way they were able to prove that 
L is an increasing function of p, in qualitative 
agreement with Eq. (1). The measurements by 
Nielsen, Ryerson, Nordheim, and Morgan were, 
in principle, similar to those of Rossi and Hall. 
They gave, however, a much smaller value for 
to, namely, 7>=1.2+0.3 microseconds. Bernar- 
dini, Cacciapuoti, Pancini, Piccioni, and Wick 
found, in various measurements, values of 7¢ 
ranging from 1.65+0.3 to 3.4+0.3 microseconds. 
Recently Rasetti has investigated the disintegra- 
tion of mesotrons by measuring the delay be- 
tween the stopping of mesotrons in an absorber 
and the emission from the absorber of decay 
electrons.'!! He found 7>=1.5+0.3 microseconds. 

In view of the disagreement between the above 
results, further experiments on the disintegration 
of mesotrons seemed desirable. In the present 
experiments, the average ranges before decay of 
two widely separated and fairly monoenergetic 
groups of mesotrons were measured. The purpose 
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Fic. 1. Geometrical arrangement of counters and absorbers. 
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was to obtain a new determination of 79 as well 
as a more quantitative check of the relation 
between L and p expressed by Eq. (1). 


EXPERIMENTAL METHOD 


The experimental arrangement (see Fig. 1) 
was almost identical to the one used by Rossi 
and Hall.’ The Geiger-Miiller counters had an 
internal diameter of 4.24 cm. The length of the 
wire was 20 cm for counters A, B, C, D, and E, 


and 60 cm for counters F. The five counters F 


and the two counters E were all connected in 
parallel. The counter battery F covered com- 
pletely the solid angle subtended by counters A, 
B, C, and D. Permanent lead absorbers were 
placed above counter A and between counter B 
and counter C. The total thickness of these 
permanent absorbers, including the material of 
the frame and the counter walls, was equivalent 
to 196 g/cm? of lead and was sufficient to stop 
the soft component of cosmic rays completely. 
Additional absorbers, S and 2, could be placed 
above the apparatus and between counters D 
and F. The absorber S consisted of thick iron 
plates and was arranged so as to cover the whole 
solid angle subtended by counters A, B, C, 
and D. Its maximum thickness was 485 g/cm? 
and its total weight was about 5 tons. The 
absorber ¥ consisted of 112 g/cm? of lead plus 
2.4 g/cm? of steel and was thus equivalent to 
115 g/cm? of lead. 

By means of a _ coincidence-anticoincidence 
circuit, the two following phenomena were re- 
corded : (1) simultaneous discharges of counters 
A, B, C, and D irrespective of discharges in 
counters E or F (coincidences [ABCD ]), and 
(2) simultaneous discharges of counters A, B, C, 
and D not accompanied by a discharge either of 
counters E or of counters F (anticoincidences 
[ABCD-EF}). The anticoincidences [A BCD- 
EF] were caused by mesotrons stopped in the 
absorber 2, apart from a small zero effect, which 
was determined by removing the absorber 2. 
Thus the difference A between the number of 
anticoincidences per minute recorded with and 
without the absorber © was taken as a measure 
of the number of mesotrons capable of traversing 
196 g/cm? of lead plus whatever iron absorber 
was present in S, and stopped by 115 additional 
g/cm? of lead. 
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TaBLE I. Summary of the experimental results. [A BCD] and [A BCD-EF)] are the number of fourfold coincidences and 
the number of anticoincidences per minute, respectively. \ is the difference between the numbers 


of anticoincidences recorded with and without 115 g/cm? of lead in 2. 











Absorber 
g/cm? Time 
Location Exp. S = (minutes) 
Denver 0 0 1332 
z=1616m a 
h=857 g/cm? 0 115 5921 
285 0 1452 
b 
285 115 8600 
Echo Lake 0 0 1382 
z=3240 m c 
h=708 g/cm* 0 115 4340 
200 0 1804 
d 
200 115 4884 
342 0 2273 
e 
342 115 4540 
485 0 3051 
f 
485 115 7571 


A/LABCD) at Denver with S=0 

A/LABCD ) at Echo Lake with S=0 
A/LABCD] at Echo Lake with S=200 g/cm? Fe 
A at Echo Lake with S=200 g/cm? Fe 


A at Denver with S=0 


We refer the reader to the paper by Rossi and 
Hall for a critical discussion of the experimental 
method, in particular of the various phenomena 
which may be responsible for the zero effect. 
We wish to point out that in the present experi- 
ments we succeeded in reducing the zero effect 
to a smaller fraction of the counting rate than 
in the previous experiments of Rossi and Hall, 
thus decreasing the influence of a possible source 
of error. As in the experiments by Rossi and 
Hall, the counters E, together with the lead walls 
on both sides of the apparatus, were used to elimi- 
nate anticoincidences produced by air showers. 

EXPERIMENTAL RESULTS 

Measurements were taken at Denver (1616 m 
above sea level) with 0 and with 285 g/cm? of 
iron in S, and at Echo Lake (3240 m above sea 
level) with 0, 200, 342, and 485 g/cm? of iron in S. 
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[ABCD] [A BCD-EF | 4 


~-§.3140.064 0.031 40.0049 

0.290 +0.0089 
5.40-+0.030 0.322+0.0074 
4.32+0.054 0.032 +0.0047 

0.218-+0.0071 


4.39+0.023 
7.71+0.080 


0.250+0.0054 
0.071 +0.0072 


0.567 +0.014 
7.64+0.042 0.638 +0.012 
6.23+0.059 0.058 + 0.0057 

0.413+0.011 
6.27+0.036 0.471 +0.0098 
5.35 +0.050 0.047 +0.0045 

0.310+0.011 
5.42+0.034 0.357 +0.0090 
4.85 +0.040 0.042 +0.0037 

0.258+0.00753 


4.73+0.025 0.300 +0.0063 


Rossi and Hall 


0.0535 -+0.0015 


Present exp. 


0.0538-+0.0015 


0.074 +0.005 0.0742+0.0019 
0.0663 +0.0020 0.0659 +0.0016 
143 +0.06 142 +0.06 


In both locations the apparatus was housed 
under a tent and the axes of the counters were 
set in the east-west direction. The results are 
summarized in Table I. 

A significant check of the experimental accu- 
racy is supplied by a comparison between some 
of our present results and those obtained by 
Rossi and Hall one year earlier under similar 
experimental conditions. This comparison is pre- 
sented in Table II. The excellent agreement 
between all comparable data lends support to 
the assumption that the accuracy of the measure- 
ments is limited only by the statistical fluc- 
tuations. 


DISCUSSION OF THE EXPERIMENTAL RESULTS 


It is safe to assume that mesotrons lose energy 
by collision processes only, at least as long as 
their energy is of the order of 10° ev or less. 
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Under this assumption, a well-defined relation 
exists between momentum and range of meso- 
trons, and the quantities listed under A in Table I 
may be taken as a measure of the numbers of 
mesotrons belonging to definite momentum in- 
tervals. 

In the evaluation of these momentum in- 
tervals, we have used the momentum-range 
relation calculated by Rossi and Greisen.” Fol- 
lowing Halpern and Hall, we have applied a 
correction of 3 percént to the ranges in lead and 
a correction of 2 percent to the ranges in iron, 
to account for the density effect in the energy 
loss by collision (see reference 8, footnote 9). 
The experimental results, translated to a mo- 
mentum scale, are represented graphically in 
Fig. 2. 

The four rectangles (c), (d), (e), and (f) in 
Fig. 2 correspond to the four mesotron groups 
recorded at Echo Lake (measurements c, d, e, 
and f in Table I). The area of each rectangle is 
proportional to the number of mesotrons (A) in 
the corresponding group, while the base of the 
rectangle represents the momentum interval. 
The shaded areas above and below the top of 
each rectangle indicate the statistical errors of 
the measurements. Curve s represents what 
seems the most plausible differential momentum 
spectrum of mesotrons at Echo Lake. In other 
words, s is drawn so that the areas of the 
rectangles (c), (d), (e), and (f) are equal to the 
areas under the corresponding portions of the 
curve. 

The rectangles (a) and (6) correspond to the 
mesotron groups observed at Denver. In plotting 
these data, the momentum losses between Echo 
Lake and Denver have been added to the mo- 
menta of the observed mesotrons. Thus all the 
abscissae in Fig. 2 refer to the momenta of 
mesotrons at the altitude of Echo Lake. 

For each of the mesotron groups (a) and (0), 
the area of the rectangle gives the number of 
mesotrons at Denver, #2, while the area under the 
corresponding portion of the curve s gives the 
number of mesotrons at Echo Lake, n;. The two 
numbers should be equal if the mesotrons were 
stable. The fact that m2<m, is accounted for by 
the disintegration of mesotrons in the air layer 


2B. Rossi and K. Greisen, Rev. Mod. Phys. 13, 240 
(1941). 
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Fic. 2. Graphical representation of the experimental 
results. Abscissae are the momenta of the mesotrons at the 
altitude of Echo Lake. Rectangles (a) and (b) refer to 
measurements at Denver; rectangles (c), (d), (e), and (f 
refer to measurements at Echo Lake. The area of each 
rectangle represents the number of mesotrons recorded in 
the corresponding momentum interval. Curve s represents 
the differential momentum spectrum of mesotrons at 


Echo Lake. 


between Echo Lake and Denver.{ The ratio n2/n, 
represents the probability of survival at the lower 
station for the mesotrons present at the upper 
one. This quantity is related to the average range 
before decay by the equation 


log (1,/n2) =(2,:—22)/L, (2) 


where z; and Zs are the elevations of Echo Lake 
and Denver, respectively. From the experimental 
data one calculates the following values of L for 


the two mesotron groups: 


L,=(4.26+0.46) X 10° cm, 
L,= (8.5+1.9) K 10° cm. 


t Note added in the proof: In this discussion, we have 
disregarded the possibility of an appreciable influence of 
mesotron production on our experimental results. It was 
thought that, even if mesotrons are produced in appre- 
ciable number in the air layer between Echo Lake and 
Denver, the effect on the lifetime measurements would bx 
negligible because an approximately equal number of 
mesotrons should be produced in the compensating iron 
absorber. In the light of recent measurements by Regener 
(Bull. Am. Phys. Soc. 17, No. 2, abstract No. 17) which 
show a comparatively large mesotron production at moder- 
ate altitudes and a strong dependence of mesotron pro- 
duction on atomic number, the above conclusion may be 
not completely justified. If more mesotrons are produced 
in one g/cm? of air than in one g/cm? of iron, as Regener’s 
experiments indicate, the production of mesotrons partly 
cancels the effect of decay and the value of the lifetime 
deduced from our measurements is too large. How great 
the error may be cannot be estimated until more quanti- 
tative data about the mesotron production are available. 
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Since the mesotron momentum changes as the 
mesotrons travel in the atmosphere, the mo- 
mentum p in Eq. (1) must be understood as a 
kind of average between the values of the mo- 
mentum at the two clevations 2; and 2, where 
the measurements are made. This average is 
called the effective momentum and is defined by 
Eq. (5) in the paper by Rossi and Hall (see 
reference 8). According to this equation, the 
effective momenta in the mesotron groups (a) 
and (b) range from 4.52 10° to 5.86X10° ev /c 
and from 9.03X10° to 10.44X10° ev/c, respec- 
tively. As average effective momenta for the two 


groups we may take 
pba=5.15XK108 ev/e, and p,=9.72X108 ev/c." 


Comparison of the values of p with the values 
of L, and L, shows that, within the statistical 
errors, the average ranges before decay are pro- 
portional to the effective momenta, in agreement 
with Eq. (1). This equation then yields: 


from the measurements on group (a), 
to/u=(8.3+0.9) K10- cm c/ev 

from the measurements on group (0), 
To/u=(8.8+2.0) K10- cm c/ev. 


If one takes p=10*8 ev/c?, the corresponding 
] 


values of ro are, respectively, 


(a) to=(8.3+0.9)XK10' cm/c, or 
to = (2.8+0.3) KX 10~* sec. 
(b) ro=(8.8+2.0)XK10' cm/c, or 
to=(2.940.7) X10~-* sec. 


The above results are in excellent agreement 
with those of Rossi and Hall (reference 8). As a 
matter of fact, the agreement is even better than 
it appears, because the difference between the 
value obtained by Rossi and Hall (7) =3.010~-° 
sec.) and our present value for group (a) (ro = 2.8 


3 Since the observed effects are proportional to 1/p, as 
average momentum we have taken the reciprocal of (1/p)ay. 
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X10-° sec.) arises entirely from the more accu- 
rate method of calculation which we have used. 

It is possible to obtain from our measurements 
a third independent evaluation of the lifetime. 
The difference between the number of coinci- 
dences per minute recorded at Echo Lake with 
200 and with 485 g/cm? of iron in S gives the 
number of mesotrons with momenta between 
6.30 10° and 10.89X10° ev/c at 2). Since 200 
g/cm® of iron are approximately equivalent to 
the air layer between Echo Lake and Denver, 
the difference between the number of coinci- 
dences recorded at Denver with 0 and with 
285 ¢/cm? of iron gives the number of mesotrons 
in the same group at 22. From the ratio between 
the two differences, one obtains L = (4.2+0.46) 
X10° cm. The average effective momentum of 
the group under consideration may be taken as 
equal to 6.3 10° ev/c. Accordingly, one obtains 
for the lifetime the value 


To= (2.2+0.24) x 10 ° Sec. 


The difference between this value of rt» and the 
values obtained by the anticoincidence method 
may be accounted for by statistical fluctuations. 
It is possible, however, that the third determina- 
tion is subject to errors other than purely sta- 
tistical. In fact, the data used in the third 
determination are small differences between large 
counting rates measured independently. Any 
fluctuation in the cosmic-ray intensity is bound 
to affect these data to a much larger extent than 
the data obtained by the anticoincidence method, 
in which the significant differences are recorded 
directly. 

For this reason we believe that only the results 
obtained with the anticoincidence method should 
be considered in evaluating the most probable 
value of the lifetime ro. By combining our data 
with those of Rossi and Hall, re-evaluated by our 
present method, one then obtains 


Ty = (2.8+0.2) K10~-® sec. (with n= 108 ev/c?). 
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Electric and Magnetic Effects of Cosmic Rays 
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It is found that slow interstellar electrons moving in the vicinity of the earth under the 
influence of a radial electric field caused by the earth’s interception of cosmic rays as charged 
particles predominantly of one sign and the magnetic field of the earth’s dipole will produce a 
continuous series of shell currents concentric with the earth. The current density in the shells 
varies with the inverse fifth power of the distance from the earth's center and the cosine of 
the latitude. These currents contribute to the earth’s field a uniform component parallel to the 
magnetic axis in a direction from south to north. It is found that if either cosmic-ray intensity 
or the density of positive ions in the vicinity of the earth varies, there will result a variation 
in magnetic field intensity at the earth’s surface. It is shown that the ratio (AJ/J)/(AH/H), 
where J represents cosmic-ray intensity and H the horizontal component of the earth’s mag- 
netic field intensity, for a variation caused by a change in cosmic-ray intensity is of the same 


order of magnitude as observed experimentally. 





INTRODUCTION 


N a previous! investigation were considered the 

electric fields that would result from a net 
charge carried by primary cosmic rays. It was 
found that because of the finite electrical con- 
ductivity of interstellar space only small, radial 
fields would be produced in the vicinity of a 
stellar body which intercepted or emitted cosmic 
rays as charged particles predominantly of one 
sign. These fields would have their origin in a 
small charge on the body and would superimpose 
a drift velocity on the random motion of slow 
interstellar electrons producing sufficient current 
to neutralize a current caused by cosmic rays, so 
that the net flow of charge to a star would be 
zero. Since the publication of this material new 
evidence’® has come to light which indicates that 
it is probable that the incoming cosmic radiation 
consists entirely of protons. Hence the study of 
the possible effects of charged cosmic-ray par- 
ticles becomes even more significant. 

In the previous work the effect of stellar mag- 
netic moments was neglected. It has been the 
purpose of the present investigation to introduce 
into the calculations as applied to the earth the 


'F. Evans, Phys. Rev. 59, 1 (1941); see also F. L. 
Mohler, Phys. Rev. 59, 1043 (1941), and F. Evans, Phys. 
Rev. 60, 911 (1941). 

2M. Schein, W. P. Jesse, and E. O. Wollan, Phys. Rev. 
59, 615 (1941); W. F. G. Swann, Phys. Rev. 59, 770 and 
836 (1941); G. Cocconi, Phys. Rev. 60, 532 (1941); see 
also B. Rossi and K. Greisen, Phys. Rev. 61, 121 (1942), 
in which evidence is given for the existence of primary 
electrons. 


effect of the earth’s dipole moment and consider 
some of the possible consequences. 


THE ELECTRIC FIELD 


Consider an electron moving in the vicinity of 
the earth under the influence of a radial electric 
field E, and the magnetic field of the earth's 
dipole the component of which at right angles to 
the radial direction is H, (e.m.u.). Assume that 
the axis of the dipole coincides with the earth’s 
axis. If the magnitude of the electron’s charge is e 
(e.s.u.) and it possesses a drift velocity v toward 
the center of the earth in a radial direction, there 
will be a force exerted on it in a westerly direction 
resulting in a current in an easterly direction 
along a parallel of latitude. The force will be 
given by the expression 

F=(e/c)vXH,. (1) 


This force may be considered equivalent to the 
force caused by an electric field E, (e.s.u.), where 


E.e=(e/c)v X Hy, 
or 


E.=(1/c)vXH,. (2) 


If the density of electrons’ is n, and v is a con- 
stant, the radial current density is 


J.= —nev (e.s.u.). 
3 Because of their relatively low mobilities the motion 
of the positive ions is being neglected. The force acting on 
positive ions moving away from the earth would be in the 
same direction as that acting on the electrons, so the 
equivalent electric field for such positive ions would be 
opposite in sign to E,. 
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ELECTRIC AND MAGNETIC 


The situation corresponds to that described in 
the Hall effect where the Hall coefficient is 
defined as 

R'=E./J Hy, =v) /necvt], = 1/nec. 


If the velocities of the electrons follow a Maxwel- 
lian distribution, the Hall coefficient becomes* 


R=3n/8nec. (3) 
Hence the field E, is given by 
E, =-_ RJ-XHy,. 


Suppose the current J, to be caused by a radial 
electric field E, set up by the earth’s interception 
of charged cosmic-ray particles. The current 
caused by the cosmic rays themselves is not con- 
sidered since the region in space in which these 
considerations are valid is one in which the effect 
of the earth’s magnetic moment on cosmic rays 
may be neglected. It has been shown! that the 
radial field E, at a distance r from the center of 
the earth is 

E,= —Ar/er’, (4) 


where 47A (e.s.u.) is the total current flowing to 
the earth in the form of cosmic rays, being con- 
sidered positive if the current flow is in the 
direction of the unit vector r, and oa (e.s.u.) is the 
conductivity of interstellar space. Then 


J-=cE,=—Ar/r’ 
and 
E,=+(RA/r*)rX Hy. (5) 


The resultant field E at a distance 7 from the 
center of the earth is then 


E=E,+E,= —(A/r*)(r/o—RrXH),). (6) 


In discussing the effects produced by charged 
cosmic-ray particles it is convenient to divide the 
region around the earth as follows: (1) a con- 
centric layer adjacent to the earth of outer radius 
pi in which the paths of cosmic rays are strongly 
affected by the earth's field and are described in 
the works of Stérmer, Lemaitre, and Vallarta: 
(2) a layer of outer radius p2 in which, as far as 
regards the paths of cosmic-ray particles, the 
earth’s field may be neglected,® but in which the 

a H. Wilson, The Theory of Metals (Cambridge, 1936), 
p. ; 


5 Magnetic effects of other bodies such as the sun are 
not being considered. * 
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motion of the slow interstellar electrons will be 
affected by the earth's field and hence the electric 
held will be given by Eq. (6); (3) a region in 
which the second term of Eq. (6) may be neg- 
lected in comparison with the first and the electric 
held expressed by Eq. (4). 

The distance p; from the center of the earth at 
which the effect of the earth’s magnetic field on 
cosmic rays may be neglected is perhaps 2a, 
where a is the radius of the earth. The outside 
radius p2 of the second layer may be approxi- 
mated by comparing the magnitudes of E, and 
E.. Thus if E., may be neglected where, say, 
E,/E.=100, there results 100=1/¢RH/,, where 
I1,= M cos d/p2’, M=8 X10" (e.m.u.) is the 
moment of the earth’s dipole, \ is the latitude, 
o=4.5X10" (e.s.u.),6 and R is given by Eq. (3). 
Upon substitution it is found that in the plane of 
the magnetic equator p2= 10° km —15,000a. 


THE SHELL CURRENTS 


The equivalent electric field E, will result in 
producing an electric current the density of which 
will be 


J. =cE, (e.s.u.). 


According to Eq. (5) the magnitude of this cur- 
rent density is then, at latitude \ and distance r 
from the center of the earth, given by 


J.=aRAI]/r?=cRAM cos X/r°. (7) 


Hence, beyond the first layer described above, 
there will be a continuous series of spherical 
shells of current concentric with the earth. The 
current density in any shell is proportional to the 
cosine of the latitude. The magnetic intensity 
within such a shell can be shown’? to be uniform 
and in a direction parallel to the magnetic axis. 
The intensity of the field at the earth’s surface as 
a result of all the current shells may therefore be 
determined by calculating the intensity caused 
by any one shell at the common center of the 
shells and then summing for all the shells. The 
integration is carried out over all space outside of 
region (1) described above, so the lower limit of 
the integration is p;. The resultant field intensity 
®F. L. Mohler, Phys. Rev. 59, 1043 (1941). 


7E. H. Vestine and S. Chapman, ‘Terr. Mag. 43, 351 
(1938). 
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is found to be 
H" =2nro0RAM /3cpy' (e.m.u.). (8) 


After substituting the expression for R from Eq. 
(3), one finds the horizontal component //’ of the 
magnetic field intensity at the earth’s surface 
caused by these current shells is given by 
H'=HI" cos \}=7°cA M cos \/4nec*p;'. (9) 
The following numerical values are substituted 
into Eq. (9): 
e=4.8X10-" e.s.u., 
c=3 X10" cm/sec., 


—4rA =0.09 amp.,* 
A = —2.18X 107% ¢.s.u. 


o =4.5X 10" e.s.u., 
M=8 X10” e.m.u., 
n=1/cm'*, 

pi =2a=1.27 X10°cm, 


with the result 
II’ =1.68 X10 cos A (e.m.u.). (10) 


If cosmic rays consist only of positively charged 
particles, the field represented by //” will con- 
tribute to the earth’s field a uniform component 
parallel to the magnetic axis in a direction from 
south to north and /7’ will be in a direction so as 
to augment the horizontal component of the 
earth’s field. 
TERRESTRIAL MAGNETIC VARIATIONS 

Let H be the horizontal component of the 
earth’s field intensity due to all causes other than 
the one under discussion, then the total intensity 
of the horizontal component is 7 =H )+J/’. Sup- 


pose for the moment that J/, is constant, then 


AH /H=AH'/TT. From Eq. (9) 
AH’/H'=AA/A=AlI/I, 
where J is the intensity of cosmic radiation. 
Hence 
(Al/I)/(AH/H) = (AH'/H')/(QH'/H) =H1/H'. 
So, if at the equator /7=0.38 (e.m.u.), 
(AI/I)/(A4H/H)=22. (11) 


A positive correlation between variations in 
cosmic-ray intensity and horizontal magnetic 
intensity such as expressed in Eq. (11) has been 
observed® by several investigators during mag- 


8’ T. H. Johnson, Rev. Mod. Phys. 10, 237 (1938). 
*See reference 8, p. 229 for bibliography; also V. F. 
Hess and E. B. Berry, Phys. Rev. 60, 746 (1941). 
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netic disturbances and recognized as a world- 
wide phenomenon. The numerical value" of this 
ratio as observed experimentally is of the same 
order of magnitude as that shown in Eq. (11), 
which indicates that magnetic disturbances at 
the surface of the earth might be caused by a 
change in the total flow of charge to the earth in 
the form of cosmic rays. A magnetic storm, then, 
may be initiated by a sudden decrease in cosmic- 
ray intensity. This in turn would produce a 
decrease in the current intensity in the shell cur- 
rents and, according to Eq. (8), a decrease in the 
intensity J/’. An exact calculation of the orbits 
of cosmic-ray particles in a field made up of a 
uniform field superimposed upon that due to a 
dipole is needed to predict with certainty what 
would happen, but according to Johnson" a 
decrease of the field intensity inside the shell 
currents, if the radius of the smallest shell is 
greater than 3a/2, would allow an increase in the 
number of cosmic rays reaching the earth. An 
increase in A would result, which again according 
to Eq. (8) would cause an increase in J/” and a 
subsequent decrease in A, etc. It seems possible 
then that some sort of oscillatory fluctuation in / 
and J] might result for which the magnetic storm 
coefficient would be given by Eq. (11). 

The possibility that magnetic storms may be 
produced by particles emitted from the sun has 
been considered” for some time. The possible 
influence of such particles on the shell currents 
may be seen as follows. According to Eq. (9) the 
intensities J7’ and H” vary with o/n, where o is 
the conductivity of interstellar space and n is the 
density of electrons. In previous work o was 
found to be given by™ 


o =2m'e*y /a(kt)?. 


In this expression a@ is the ratio n/N, where N, 
is the density of positive ions in interstellar 
space. It is seen then that the field intensity of the 


'° The magnitude of the ratio in Eq. (11) depends to 
some extent upon the choice of p; in the denominator of 
Eq. (9). The value 22 was obtained by choosing p; = 2a. 
If p; =5a/2 the ratio has the value 54, and if p;=3a/2 the 
ratio has the value 8. As to which choice of ~; is the most 
appropriate or whether or not different choices would apply 
under different circumstances the writer is not certain. 

T. H. Johnson, Terr. Mag. 43, 1 (1938). 

12 See S. Chapman and J. Bartels, Geomagnetism (Oxford, 
1940), Vol. 2, Chap. 24, and bibliography pertaining 
thereto. 

'8F. Evans, Phys. Rev. 60, 911 (1941). 
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shell currents varies inversely with N.,. Hence if 


N. increased owing to an emission from the sun 
of equal numbers of electrons and positive ions, 
H" would decrease which would cause A to in- 
crease, etc. 

A net positive charge carried to the earth by 
cosmic rays may induce a flow of electrons 
toward the earth or a flow of positive ions away 
from the earth. As pointed out earlier in a 
footnote,* positive ions moving away from the 
earth would produce a current opposite in direc- 
tion to that caused by the electrons, and if N, 
were greatly increased, the motion of positive 
ions may be of importance. 

It is interesting to note that a variation in the 
intensity of current in the shell currents may 
produce the same kind of effect as the equatorial 
current ring hypothesized by Stérmer'* in con- 
nection with his theory of the aurorae. St6érmer 
considered the effect of a westward current ring 
and supposed that at times of great magnetic 
disturbance the current in the ring would in- 
crease and showed that this would enlarge the 
angular radius of the auroral zone. Since the 
direction of the current in the shell currents is 
eastward it is seen that a decrease in these cur- 
rents would produce the same kind of effect as an 
increase in the current in the Stérmer ring. 
Whether or not the magnitude of the effect is 
sufficient to explain the observed increase in the 
angular radius of the auroral zone has not been 
determined. 


CONCLUSION 


The comparison of the magnitudes of the 
electric fields E, and E, leads to the conclusion 
that the effect of the earth’s magnetic field on 
slow interstellar electrons may be neglected at 


"C. Stérmer, Arch. Sci. Phys. Geneva 32, 33, 37-104 
(1911, 1912). 
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distances greater than approximately the distances 
from the earth to the sun. 

All experimental evidence leads to the con- 
clusion that there are many factors influencing 
the relation between the intensity of cosmic ravs 
and the intensity of the earth’s magnetic field. 
The theoretical considerations made here seem to 
indicate that if primary cosmic rays consist of 
charged particles predominantly of one sign they 
may be responsible for a portion of the magnetic 
held intensity observed at the earth's surface, 
and that variations in cosmic-ray intensity or in 
the conductivity of interstellar space in the 
vicinity of the earth may cause a variation in this 
field and, hence, may contribute to the world- 
wide terrestrial magnetic variations observed to 
occur at the earth’s surface. 

It should be pointed out that Eq. (11) ex- 
presses a relation between variation in the hori- 
zontal component of magnetic field intensity at 
the earth’s surface and a change in the intensity 
of cosmic rays entering the earth's atmosphere. 
The corresponding relation for cosmic-ray in- 
tensity at the earth’s surface may be somewhat 
different. 

It should also be noted that in these calculations 
of the magnitude of the magnetic effect produced 
by the shell currents the possibility of induced 
currents has not been taken into account. 
Chapman" has suggested that one third of the 
equatorial variation in horizontal intensity 
caused by such currents may be due to induced 
internal currents. 

The writer wishes to express his appreciation to 
Professor Carl Eckart of the University of 
Chicago for having suggested this investigation 
and for his continued interest in it, and to Dr. 
Marcel Schein of the University of Chicago for 
helpful suggestions. 


"S. Chapman, Nature 140, 423 (1937). 
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Nature of the Soft Component of Cosmic Rays at 3500 Meters Altitude 


PIERRE V. AUGER 
University of Chicago, Chicago, Illinois 


(Received March 28, 1942) 


An interpretation is given for the absorption curves of cosmic rays obtained with screens of 
different atomic numbers. Measurements made in 1935 at the Jungfraujoch (3500 m) with lead 
and aluminum show the existence of an important number of mesons of relatively small energy 


in the soft component. 


DIFFERENTIAL ABSORPTION OF ELECTRONS 
AND MESONS 


T has been recently shown! that the soft com- 
ponent of cosmic rays, constituted of the 
particles which are completely absorbed in 15 or 
20 cm of lead, does not contain exclusively 
electrons but also slow mesons. A separation of 
these two parts, electronic and mesonic, can be 
attempted by the use of absorbents of very 
different atomic numbers such as lead and 
aluminum. The energy losses of the mesons, 
which are only due to collision (ionization) proc- 
esses, will be approximately proportional to the 
number of electrons per cubic centimeter of 
absorbent, Zp/A, where p is the density, Z the 
atomic number, and A the atomic weight. This 
will be also true for electrons if their energy is 
below the critical value for the type of matter 
considered, but not for electrons with a higher 
energy. In this last case the losses will be due 
mainly to radiative processes, and will depend 
upon the atomic number by a factor of Z?. 

The thickness of aluminum equivalent to 1 cm 
of lead for collision processes alone is 3.4 cm, so 
that the 8 cm of lead which absorb the larger part 
of the soft component are equivalent to 27 cm of 
aluminum. On the other hand, electrons of 10° 
volts, which are practically stopped by 4 cm of 
lead, would lose only a fraction of their energy in 
4X3.4=13.6 cm aluminum, and would not be 
stopped by half a meter of this metal. 


MEASUREMENTS FOR LEAD AND ALUMINUM 


The curves in Fig. 1 represent results obtained 
in 1935 at the International Laboratory of 
Jungfraujoch, Switzerland, with a triple coinci- 

1M. Schein, E. O. Wollan, and G. Groetzinger, Phys. 


Rev. 58, 1027 (1940); G. Herzog and W. H. Bostick, 
Phys. Rev. 59, 122 (1941). 


dence counter set arranged in vertical telescope." 
Screens of lead and aluminum could be interposed 
up to 20 cm thickness. Curves marked Pb and 
Al; give the mean number of counts N per hour 
as a function of the thickness of the screen for 
these two metals. 

The results for aluminum have been then re- 
duced to the equivalent thicknesses of lead for 
collision processes. The difference between the 
new curve, marked Aly, and the Pb curve is due 
only to the particles showing radiative losses, 
that is to say, electrons with an energy surpassing 
notably the critical value for lead. Consider for 
instance the point for 8 cm Pb, marked N’: no 
electron of reasonable energy (less than 10'° ev) 
can give an effect beyond such a screen. The 
corresponding point on Aly is situated 30 counts 
higher: this means that 30 particles per hour are 
electrons of sufficient energy to traverse 27 cm of 
aluminum, i.e., electrons of 10° volts or more. 
The group of particles so defined represents 8 
percent of the total number and 18 percent of the 
soft group. A vertical shift of the Aly curve 
(Alu1) brings N and N’ in coincidence and the 
compound curve O'1/'N’R obtained represents 
the absorption of the particles which do not show 
important radiative losses in aluminum, that is: 


mesons, and electrons under 10° volts. 


SLOW MESONS AND ELECTRONS 


The lead curve after 20 cm can be considered 
as practically linear on the scale of Fig. 1. The 
prolongation toward the origin would give the 
line RS, so that the point S represents the 
dividing point between the soft and the hard 
components. The respective percentages of these 
components are 46 percent and 54 percent of the 


2 Pierre Auger, L. Leprince-Ringuet, and P. Ehrenfest, 
J. de Physique [7] 7, 58 (1936). 
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total.? The hard component contains practically 
only mesons of larger energies (more than 2.5 X 10° 
ev). The portion of the soft component absorbed 
between 8 cm and 20 cm on the lead curve 
(N’N’’) contains slower mesons, their energies 
being comprised between 10° and 2.5X10* ev: 
they represent 15 counts, or about 4 percent of 
the total, and 9 percent of the soft component. 
From O’ to N’ 
curve, N’ corresponding to the absorption by 27 


our curve is the reduced Al 


cm Al. Here slow mesons and electrons are 
absorbed simultaneously, and the interpretation 
is more uncertain. But let us consider the point .1/ 
on the lead curve’ corresponding to 2.5 cm Pb. 
The electrons below 10° are practically all 
stopped in that screen, so that 17M” will be 
equal to the number of slow mesons unabsorbed 
by 2.5 cm Pb plus the number of electrons above 
10° ev. But this last number is given by NN’ or 
by MM’ which is equivalent so that by sub- 
traction /’ MM" gives the number of slow mesons. 
We find only thus a minimum value for this 
number, because we should add the very slow 
mesons absorbed by 2.5 cm lead. These particles, 
which have less than 50 million volts energy, 
produce more ions per cm than the more energetic 
electrons or mesons, so that their number can be 
inferred from the number of thick tracks observed 
on the cloud-chamber photographs obtained at 
high altitude. This number, from our own obser- 


TABLE I. Approximate constitution of the soft component 
at 3500 m altitude. 


Percentage 


Number Percentage in soft 
Particles Energy (ev) per hour in total component 
Mesons >2.5x 10° 200 54 
Mesons 10° to 2.5 108 15 4 9 
Mesons < 105 45 13 28 
Electrons > 10° 30 s 18 
Electrons 107 to 10% 78 21 45 


3A small correction should be introduced by the con- 
sideration of the air showers which are frequent at high 
altitudes; they are not absorbed by the interposed screens, 
and the counts which they produce are added to the hard 
component. 

‘From that point on the Pb and Alyy curves diverge 
strongly; in fact, they cross each other, but this is not 
significant. 


OF COSMIC RAYS O85 











| 
eel. — 





fe) . i0 is cm 20 


Fic. 1. Absorption curves of the soft component of 
cosmic rays obtained at 3500 m altitude for lead and 
aluminum. N is the mean number of counts per hour, 
plotted against the thickness of the absorber, in centi- 
meters. 


vations on Jungfraujoch and from Anderson's on 
Pike’s Peak, is of the order of 1 percent or 2 
percent of the total number of particles. This, 
added to the value of /’M”, gives 60 counts, or 
16 percent of the total. We may split this slow 
meson component into one group with energies 
below 108 and the group with energies between 10° 
and 2.5108 already recognized. By subtraction 
the first group is found corresponding to 45 
counts, or 13 percent of the total and 28 percent 
of the soft component. 

Now only the electrons with less than 10° ev 
have not been counted in our balance; because of 
the thickness of the counter walls (5 mm Cu) no 
electron of less than 107 ev can give a coincidence. 
So the group of electrons between 107 and 10% 
represents the remaining 78 counts of the soft 
component, i.e., 21 percent of the total. Table I 
summarizes these results. The accuracy of the 
numbers given here is unfortunately rather low, 
especially in the case of values obtained by 
subtraction. So the number of mesons below 10° 
ev and the number of electrons between 107 and 
10° ev are probably correct only to +25 percent. 
The numbers of clectrons and mesons above 
10° ev may be correct to +15 percent. 
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Disintegration Schemes of Radioactive Substances. III. I'”' 


J. R. Downinc, M. Deutscu, AND .\. ROBERTS* 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


(Received April 7, 1942 


The disintegration of the 8-day isotope of iodine, I'*', has been studied by spectrometer and 
coincidence techniques. The beta-ray spectrum is simple and has an end point of 0.595+0.01 
Mev. Each beta-ray is accompanied by two cascade gamma-rays of energies 367+7 and 80+1 
kev, respectively. Both gamma-rays are partially internally converted, the 367-kev gamma- 


ray in the A shell in 0.8 percent of the disintegrations. 





INTRODUCTION 


HE 7.8-day activity of iodine, widely used 

for biological tracer work, has been as- 
signed to I™!, although a slight possibility exists 
that it should instead be assigned to I'’.' This 
isotope emits beta-rays of moderate energy and 
also gamma-rays,'*? but not x-rays.* We have in- 
vestigated the radiations from this isotope with a 
view to analyzing the possible modes of disinte- 
gration and to discovering the energy levels of 
the product nucleus Xe"™!. The accurate under- 
standing of the modes of disintegration is neces- 
sary for the calculation of radiation dosages in 
biological work in which this isotope is of 


therapeutic value.' 
PROCEDURES 


The coincidence amplifiers and magnetic lens 
beta- and gamma-ray spectrometer used in this 


quantum from the source causes a coincidence by 
means of secondary quanta produced by the 
photoelectric and Compton effects. The number 
of such spurious coincidences depends of course 
upon the relative geometry of source and counters. 
In the usual arrangement with source between 
counters, the number of spurious coincidences is 
a minimum with respect to geometry, but still 
appreciable, and no consistent results on the 
efficiencies of the counters could be obtained 
while the source was in this position. This experi- 
ence is in direct contrast to that of Dunworth,’ 
who found that Compton coincidences were negli- 
gible with the source between brass cathode 
counters, which are considerably less efficient for 
low energy quanta. 

In order to eliminate these spurious coinci- 
dences, 3 inch of lead was inserted between the 
two platinum counters used in gamma-gamma- 

















work have been previously described.* ® Platinum siciRieniieedateneeeneaa 
| 
screen cathode gamma-ray counters were used I Brays 
rather than copper cathode counters because of + | tes 
' : 3 aie ‘ . r 0.048 Me 1 
their considerably higher efficiency in detecting Nl : | 
low energy gamma-rays. High efficiency of tf] | 0334 Mev 
. N b 4 
gamma-ray counters for low energy gamma-radi- tp | h 
ation is of course an advantage, but it is partially \/ 
offset by the increased probability that a single r |i 1 
* These results were reported at the meeting of the | 
American Physical Society, Princeton, New Jersey, Decem- | ] 
ber, 1941. } I corncidences with y rays 
tJ. J. Livingood and G. T. Seaborg, Phys. Rev. 54, 775 =p 
(1938); G. T. Seaborg, J. J. Livingood, and J. W. Kennedy, +} 4 
Phys. Rev. 55, 794 (1939), \ 
2G. F. Tape, Phys. Rev. 56, 965 (1939). ii act \0.595 Mew 
3]. G. Hamilton and M. H. Soley, Am. J. Physiol. 127, Oe a. “Ae ea. | 
557 (1939). I . oo 
4S. Hertz, A. Roberts, J. H. Means, and R. D. Evans, ; ae: 
Trans. Am. Assn. Study of Goiter, p. 260 (1939). Fic. 1. Beta-ray spectrum and beta-gamma-coincidence 
5M. Deutsch, Phys. Rev. 59, 684A (1941). spectrum of [*!. be 
6A. Roberts, J. R. Downing, and M. Deutsch, Phys. . fri 
7]. V. Dunworth, Rev. Sci. Inst. 11, 167 (1940). of 


Rev. 60, 544 (1941). 
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DISINTEGRATION OF 


coincidence measurements, and the source placed 
symmetrically above the lead so that it could see 
each counter, and so that scattered quanta would 
have to penetrate the lead to cause a coincidence. 
In addition, we have also used a }-inch lead 
screen with a small hole over which the source is 
mounted in  beta-gamma-coincidence  experi- 
ments. These precautions were most essential 
when quantitative readings on counter efficiency 
were to be taken. 


PREPARATION OF SOURCES 


\When tellurium is bombarded by deuterons, at 
least three other radioactive isotopes of iodine 
besides I'*! are formed, with half-periods from 25 
minutes to 13 days. Rather than work with such 
a mixture of isotopes, we utilized the fact 
demonstrated by Livingood and Seaborg,' that 
I'*' is the decay product of the 25-minute and 
1.2-day isomers of Te™!. Accordingly, tellurium 
was bombarded with deuterons in the M.I.T. 
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Fic. 2. Fermi plot of the beta-ray spectrum of I". The de- 
parture from linearity may be instrumental in origin. 
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Fic. 3. The number of beta-gamma-coincidences for 
beta-ray in I! as a function of the amount of absorber in 
front of the beta-counter. The independence of the rate 
of the absorber thickness shows the spectrum to be simple. 
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Fic. 4. Secondary electron spectrum excited by the 
gamma-rays of I. The photoelectron lines and Compton 
group are due to a 367-kev gamma-ray 


cyclotron, and the radioactive iodine formed 
during the bombardment was separated out. The 
target solution was then permitted to stand for 
three to five days, the optimum time for growth 
of maximum I"! activity, and the iodine again 
separated. This gave for all practical purposes a 
source of radioactively pure I. It has been 
shown that another iodine activity grows from 
tellurium,® but this activity is far too weak to 
interfere with the experiment. The iodine was 
usually converted to AgI, since it was found that 
thin sources of Nal, in the presence of air, lost 
iodine to neighboring surfaces. 


RESULTS 


The beta-ray spectrum taken with the mag- 
netic lens spectrometer is shown in Fig. 1..The 
maximum energy, both by inspection, and by 
extrapolation of the Fermi plot (Fig. 2), is 
0.595+0.01 Mev. Within the experimental error, 
the Fermi plot is a straight line over the range 
investigated. The shape of the beta-ray spectrum 
and of the beta-gamma-coincidence spectrum 
taken on the spectrometer are seen from Fig. 1 to 
be identical. The absorption of beta-gamma- 
coincidences (Fig. 3) shows the number of beta- 
gamma-coincidences per beta-ray to be inde- 
pendent of absorber thickness. All of these 
observations point to the conclusion that the 
beta-ray spectrum consists of a single transition. 
This is verified by integration of the beta-ray 
8 A. Roberts and J. W. Irvine, Jr., Phys. Rev. 59, 936A 
(1941). 
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Fic. 5. The absorption of beta-gamma-coincidences by 
lead absorbers in front of the gamma-ray counter, for two 
different values of absorber in front of the beta-ray counter. 
The identity of the two curves shows the identity of the 
gamma-radiation coinciding with the two sets of beta-rays 
detected. The absorption of the coinciding gamma-rays is 
consistent with that of a 367-kev gamma-ray. 


spectrum, according to the method® previously 
described. 

The secondary electron spectrum of the gamma- 
rays (Fig. 4) shows a single gamma-ray of energy 
367+7 kev. The energy of this line is accurately 
determined, since it appears not only as Compton 
and photoelectron secondaries, but also in internal 
conversion (Fig. 1). No other gamma-ray of 
energy greater than 180 kev is observed. 

The beta-ray spectrum of Fig. 1 shows two 
peaks due to internal conversion, one due to the 
367-kev gamma-ray, and one due to a gamma-ray 
of 80 kev. The softer conversion line was found 
with a special thin window counter after the 
presence of the gamma-ray and its energy had 
been determined by means of measurements on 
gamma-gamma-coincidences, as described below. 


ABSORPTION OF BETA-GAM MA-COINCIDENCES 


To investigate these radiations further, the 
number of beta-gamma-coincidences was meas- 
ured with various thicknesses of lead absorber 
before the gamma-ray counter. The absorption of 
the beta-gamma-coincidences is identical with 
the absorption of the gamma-rays alone (Fig. 5) 
and is not altered by the interposition of a cellu- 
loid absorber in front of the beta-counter. We can 
therefore conclude that all the gamma-rays are 
associated with the entire beta-ray spectrum since 


DEUTSCH, 


AND ROBERTS 

they each coincide equally. Also, over 90 percent 
of the observed gamma-ray counts are absorbed 
with the absorption coefficient consistent with a 
367-kev gamma-ray, and so we conclude that the 
efficiency of the gamma-ray counter for detecting 
the 80-kev gamma-ray is quite low. 


ABSORPTION OF GAMMA-GAMMA- 
COINCIDENCES 


On considering the 80-kev gamma-ray which 
was first revealed by the presence of gamma- 
gamma-coincidences, we see that the main possi- 
bilities are that it is either in cascade with the 
367-kev gamma-ray, or that it occurs in an 
alternate transition in cascade with other gamma- 
rays which are either too soft or too low in 
intensity to be observed in the secondary electron 
spectrum. Orbital electron capture is ruled out 
by the fact that 53I'*' grows from 52Te". 

In investigating complex gamma-radiation by 
coincidence methods the following considerations 
are of interest. An absorption curve of the 
gamma-radiation in a single counter will in 
principle show the several components of the 
gamma-radiation. If the efficiency of the counter 
for detecting gamma-rays of equal abundance 
should vary considerably among the gamma-rays, 
the apparent intensity of the gamma-rays for 
which the counter has the lowest efficiency will be 
small—perhaps small enough so that the radia- 
tion will be entirely missed. Quantitatively, if 
there are two cascade gamma-rays for which the 
efficiency of the counter is €; and €2, respectively, 
N disintegrations per minute will produce 
N(€:+€2) counts per minute in the gamma-ray 
counter. If a thickness of absorber in which the 
absorption coefficients of the gamma-rays are py, 
and yo, respectively, is interposed, the number of 
counts per minute will be N(e,e-*!' + «.-**'). Thus, 
while a sum of two exponential absorptions is to 
be expected, the abundance of each is weighted 
by the efficiency of the counter for detecting the 
appropriate radiation. 

When coincidences of two cascade gamma-rays 
are measured, the number of gamma-gamma- 
coincidences per minute will be N,,=N(eye:’ 
+e2€;’), where primed efficiencies aré indicated 
for the second counter. If the counters are of 
identical construction and differ in efficiency only 
by a geometrical factor, so that e’=ke, then 
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N,,=2Nke.€2.° Now if an absorber is placed in 
front of one gamma-ray counter only, the 
number of gamma-gamma-coincidences — will 
be N,, = N(Ree2e~#2' + Reese *"') = kNeje2(e7*" 
+e-+?').'!° This represents a combination of the 
same exponentials as the absorption in a single 
counter, but the two gamma-rays are now equally 
weighted, and the less efficient gamma-ray more 
easily observed. Curve 3 in Fig. 6 shows the 
absorption of gamma-gamma-coincidences with 
lead absorber in front of one counter. The harder 
component has the absorption characteristic of 
the 367-kev gamma-ray, and the other gamma- 
ray is much softer. 

In view of this evidence, we may assume that 
the 80-kev gamma-ray is in cascade with the 
367-kev gamma-ray. 

In addition, measurements may be taken with 
absorber in front of both counters, the absorbers 
always being of equal thickness. In this case the 
number of coincidences is N,, = N(ke,e~*!'e,e7#2" 
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Fic. 6. Curve 3. Absorption of gamma-gamma-coin- 
cidences by lead absorber in front of one counter. Curve 1. 
Absorption of gamma-gamma-coincidences by lead ab- 
sorber in front of both counters. Curve 2. Absorption of 
gamma-gamma-coincidences by tin absorbers in front of 
both counters. 


* For m cascade y-rays the number is 
‘ 
Nyy=kN Z ee; (8%). 
1° For m cascade y-rays, 


Nyy =kN ®D eie,(e Belt e-#;t) (i<j). 
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Fic. 7. Critical absorption of gamma-gamma-coincidences 
Curve 1. Pt absorbers. Curve 2. Hg absorbers. Curves taken 
with different source strengths. 


+ kese~*?'€,e#"') = 2k Neves exp — (uitue)t.'' Herea 
single absorption should be observed, with an ap- 
parent absorption coefficient pi+pe. Figure 6 
shows the absorption curve obtained with lead. It 
is notable that a simple exponential absorption is 
expected only in the case when there are only two 
different gamma-rays present. 

From these two experiments the absorption 
coefficient of the soft radiation in lead is obtained. 
However, there are two energies of gamma-radi- 
ation for which lead has the observed absorption 
coefficient of 4 cm? g~! one on either side of the 
K-absorption limit. Absorption in tin (Fig. 6) 
showed the energy to be below the K edge of 
lead, and then critical absorption in Pt and He 
(Fig. 7) gave the energy as 80+1 kev. After this 
determination of the energy, confirmation of the 
value was found in the discovery of the con- 
version line to be expected for such low energy 
radiation, as shown in Fig. 1. It is of interest that 
Mitchell, Langer, and McDaniel" found a 70-key 
gamma-ray in cascade with a considerably harder 
gamma-ray in Sb' by similar methods (although 
not by critical absorption). 


EFFICIENCY MEASUREMENTS 


The exact efficiency of a gamma-ray counter 
for each of the two gamma-rays can be found 
by measuring both beta-gamma- and gamma- 


'! For m cascade y-rays the number is 


Nyy =2RN S eeje"*#" = (F< j). 
2 A.C. G. Mitchell, L. M. Langer, and P. W. McDaniel, 
Phys. Rev. 57, 1107 (1940). 
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gamma-coincidences with the same geometry of 
source and gamma-ray counter, as was pointed 
out by Dunworth.’? The number of beta-gamma- 
coincidences per beta-ray recorded is N®6,/ Nes 
=€,+e. and the number of gamma-gamma-ray 
coincidences per gamma-ray recorded in a gamma- 
ray counter substituted for the beta-ray counter 
is N,,/Nk(€:+€2) = 2€1€2/(€1 +€2), provided that 
the counters differ in efficiency by only a geo- 
metrical factor. In the geometry in which this 
experiment was performed, the number of beta- 
gamma-coincidences per beta-ray was 0.82 K 10-°, 
and the number of gamma-gamma-coincidences 
per gamma-ray 0.145 X 10-*. On solving the equa- 
tions for €; and és, the values e,;=0.74X10-* and 
€2=0.07 X10~ are obtained. Assigning the higher 
efficiency to the 367-kev gamma-ray, we see that 
the observation that about 90 percent of the 
gamma-ray counts are due to it is predicted by 
the efficiencies. 


DIRECT MEASUREMENT OF INTERNAL 
CONVERSION COEFFICIENT 


By mounting a source in the spectrometer on a 
thin window, it is possible to observe coincidences 
between beta-rays emitted through this window 
and conversion electrons focused by the spec- 
trometer (and of course between conversion elec- 
trons emitted through the window and beta-rays 
focused by the spectrometer, as well as between 
beta- and gamma-rays (Fig. 8)). The number of 
conversion clectron-beta-coincidences per re- 
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Fic. 8. Conversion electron-beta-rav coincidences as taken 
on the spectrometer. 


corded beta-ray permits a direct calculation of 
the fraction of disintegrations giving conversion 
electrons, provided the transmission of the spec- 
trometer is known. Thus, in the case of the 
332-kev conversion electrons produced in the K 
shell by the 367-kev gamma-ray, we observe 
6.5X10~ electron-beta-coincidence (above the 
background) per recorded beta-ray. The trans- 
mission of the spectrometer is 0.8 percent, and 
thus the number of K conversion electrons per 
disintegration is 6.5 X 10-°/0.008 or 8X 10-* elec- 
tron per disintegration. The Z conversion line is 
not resolved, and is estimated not to exceed 25 
percent of the K conversion. The assumptions 
involved in this calculation are that the beta- 
counter counting the focused conversion electrons 
is 100 percent efficient, and that the conversion 
electrons are equally likely to accompany any 
observed beta-ray. The latter assumption is true 
because the beta-ray spectrum has been shown to 
be simple; furthermore, interposing absorber to 
cut out part of the beta-ray spectrum does not 
change the clectron-beta-coincidence rate per 
beta-ray recorded. 

The observed conversion coefficient is verified 
by a calculation of the height of the conversion 
line relative to the continuous spectrum (Fig. 1) 
if we take into account the line width and the 
shape of the spectrum. It is worth noting how 
much more prominent the conversion line ap- 
pears in the electron-beta-coincidence spectrum 
(Fig. 8) than in the continuum (Fig. 1). 

The observed peak in the electron-beta-coinci- 
dence spectrum at 250 kev may perhaps be duc 
to another gamma-ray giving perhaps a fifth as 
many conversion electrons as the 367-kev line. 
No other evidence for such a gamma-ray has 
been found, and the line may be due to some 
secondary effect, as for example coincidences be- 
tween beta-rays and Comptons focused by the 


in clectron-beta-coincidence measurements, where 
the individual counting rates are perhaps 60 and 
20,000 counts per minute, respectively, makes 
the taking of accurate data somewhat difficult. 


MATRIX ELEMENT 


Using the universal time constant of the Fermi 
theory r= 3000 sec. as given by Gronblom," and 


8 B. O. Gronblom, Phys. Rev. 56, 508 (1939). 
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the -values of the F(Z, ) transition probability 
function given by Evans," we find for the matrix 
element for the I'—Xe™! transition the value 
G?=5 X10". 

The small value of the matrix element probably 
means that the beta-ray transition is forbidden. 
The beta-transitions to the ground state and the 
lower excited state are not present to as much as 2 
percent of the main transition, so that they must 
be even more highly forbidden. 


ELECTRIC MULTIPOLE ORDER OF THE 
GAMMA-RAYS 


No theory of internal conversion probabilities 
for the region of Z ~ 53 has been given, so far as we 
are aware. However, by “interpolating” between 
the theory for low Z™ and the theory for high Z" 
which predict, respectively, dependence on Z* 
and Z', we find that the observed internal con- 
version 0.008 for the 367-ke\ 
gamma-ray is probably characteristic of the 


coefficient of 


emission of either electric dipole or quadrupole 
radiation. Our measurements on the low energy 
conversion clectrons of the 80-kev gamma-ray 
were not sufficiently accurate to determine the 
conversion coefficient, mainly because of uncer- 
tainty as to the transmission of the counter 
window. In this case, however, the lifetime of the 
80-kev 
gamma-ray would be so long for any but quad- 


excited state against emission of an 
rupole"” or dipole radiation that no coincidences 
with this gamma-ray would have been observed. 

In order to account for the absence of 447 
(=367+80) kev radiation, it is necessary to sup- 
pose that there is an angular momentum differ- 
ence between ground and 447-kev levels of at least 
two units if the states have opposite parity. If the 
assignment of the activity to mass number 131 is 
correct, then since the angular momentum of the 
ground state of Xe"! is 3, the angular momentum 


WR. DD. Evans, “Introduction to the atomic nucleus,” 
M.I.T. course notes. 

8S. M. Dancoff and P. Morrison, Phys. Rev. 55, 122 
(1939). 

16H. R. Hulme, N. F. Mott, F. Oppenheimer, H. M. 
Tavlor, Proc. Roy. Soc. A155, 315 (1936). 

717. S. Lowen, Phys. Rev. 59, 835 (1941). 
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Fic. 9. Probable disintegration scheme of I. The order of 
emission of the gamma-rays is not known. 
of the 447-kev level must be at least 7/2. The 


angular momentum of the ground state of I"*! is 
then at least 9/2. 

Since I"! grows from the 25-minute Te™!, a 
consideration of the angular momentum of the 
ground state of this nucleus is of interest, 
especially since this nucleus possesses an isomeric 
state of half-period 1.2 days, 177 kev above the 
ground state, estimated by Helmholz to have an 
angular momentum differing from that of th« 
ground state by at least three units.'* It is not 
known whether the 25-minute period is ac- 
companied by gamma-radiation. If it should bx 
found not to emit gamma-radiation, then it will 
be reasonably certain that of the two isomeric 
states it is the ground state of Te! which has the 
higher angular momentum. 

The mode of disintegration of I! (Fig. 9) 
seems sufficiently well-established to make it a 
useful substance for the calibration of the effi- 
ciency of gamma-ray counters. 
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Experimental Evidence for the Existence of a Neutrino 


James S. ALLEN 
Kansas State College, Manhattan, Kansas 


(Received March 16, 1942) 


Radioactive Be? was deposited on a platinum foil by means of a new evaporation technique. 
An electron multiplier tube was employed to count the recoil nuclei produced in the reaction, 
Be? +ex—Li?+7+Q. The maximum energy of the recoils was about 40 to 45 electron volts 
compared with the value of 58 electron volts to be expected for a neutrino of zero rest mass. 
An attempt was made to detect coincidences caused by the emission in opposite directions of a 
gamma-ray and a recoil nucleus. The observed coincidences were less than two percent of those 
expected for gamma-ray recoils. Apparently the recoils were caused by the emission of a 


neutrino and not by the emission of a gamma-ray. 


INTRODUCTION could not be measured with any accuracy. 
Although this method was refined somewhat in 
another experiment, no very definite evidence 
regarding the neutrino was discovered. The 
authors concluded that the observed recoil mo- 
menta were greater than expected, when no 


HE assumption of the existence of a neu- 

trino is necessary for the conservation of 
spin and energy in the continuous beta-ray 
spectrum. Since the neutrino has no charge, an 
extremely small magnetic moment (if it has one 
at all), and a very small rest mass, probably the 
only experimental method for its detection is the 
observation of the recoil of the nucleus produced 
in a radioactive decay requiring the emission of 
a neutrino. Since the beta-ray decay is essentially 
a three-body process, it is necessary to measure 
the momenta of both the electron and the 
nucleus and also the angle between these two 
momenta in order to find the momentum of the 
neutrino and finally its mass. 

Crane and Halpern! attempted to discover the 
neutrino by measuring the recoil of the electrons 
and nuclei produced in the disintegration of 
radiochlorine. Cl** emits negative electrons and 
has a half-life of approximately 37 minutes. 
The radioactive substance was introduced into 
a cloud chamber as a gas, ethylene dichloride. 
The momentum of an electron emitted during 
the decay of a radioactive atom could be meas- 
ured from the curvature of the cloud track in a 
magnetic field. However, the energy of a recoil 
nucleus was so small that only a cluster of 
droplets at the origin of a beta-ray track was 
produced in the chamber. Since little is known 
about the energy range relation of very slow 
atoms in gases, the momenta of the recoil nuclei 


neutrino was assumed. 

Leipunski* has given a very brief report of an 
experiment in which radiocarbon was used. C"! 
has a half-life of about 18 minutes and is a 
positron emitter. The C' was adsorbed as CO, 
gas on a plate cooled by liquid air. The recoil 
nuclei were accelerated from the plate to a cup- 
shaped disk by a potential of 5000 volts. Second- 
ary electrons ejected from this disk were recorded 
by a point counter placed near it. The energy of 
the recoils was measured by a retarding field 
between the source plate and a grid. The author 
concluded that his retarding potential data 
showed relatively more recoils at the high energy 
end of the curve than predicted without the 
assumption of a neutrino. 

The decay process involving the capture of an 
orbital K electron offers another possibility for 
the detection of the neutrino. The decay of Be’ 
is the best example of this process. Kan Chang 
Wang* recently has suggested the use of this 
substance in a neutrino experiment. The most 
extensive work on the properties of Be’ has 
been done by Rumbaugh, Roberts, and Hafstad.* 
According to these authors, the nuclear reac- 


2 A. I. Leipunski, Proc. Camb. Phil. Soc. 32, 301 (1936). 
> SER 3’ Kan Chang Wang, Phys. Rev. 61, 97 (1942). 

1H. R. Crane and J. Halpern, Phys. Rev. 53, 789 (1938) * Rumbaugh, Roberts, and Hafstad, Phys. Rev. 54, 657 
and Phys. Rev. 56, 232 (1939). (1938). 
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tions are 


Lit+ D?—Be?+n+(3.3 Mev) 

Be? +ex—-Li?+7+(1 Mev) half-life, 

Be? +ex—(Li")*++(0.55 Mev) | 43 days 
(Li?)* Li? +hv+(0.45 Mev) 


where ex, ”, and n represent, respectively, a K 
electron, a neutron, and a neutrino. The decay 
process is unique in that neither positive elec- 
trons nor negative electrons are emitted. The 
decay is indicated solely by the 0.45-Mev gamma- 
rays which were shown to be emitted in about 
one-tenth of the total number of disintegrations. 
According to the more recent experiments of 
Haxby® and collaborators on the threshold for 
the reaction Li’(p, ~)Be’, the atomic mass differ- 
ence Be’ — Li’ is 0.87 Mev. Therefore, the energy 
released during the decay of Be’ is 0.87 Mev 
instead of 1.0 Mev. 

Since the Be’ decay is not complicated by the 
emission of electrons, the recoil of the nucleus, 
if observed, should be entirely due to the ejection 
of the neutrino. It is necessary only to measure 
the momenta of the recoil Li’ nuclei since it is 
difficult to see how the energy and momentum 
can be carried away without the neutrino. With 
the assumption of zero rest mass for the neutrino, 
the recoil Li? nuclei should have a maximum 
energy of 58 electron volts. The Li’ recoil nuclei 
resulting from the emission of the 0.45-Mev 
gamma should have a maximum energy of 15.6 
electron volts. 

Since the recoils have so little energy, it is 
evident that the experiment must be carried out 
in a vacuum. The electron multiplier tube offered 
an excellent possibility of detecting the slow 
recoil atoms or ions. 


PREPARATION OF THE RADIOACTIVE SOURCE 


Since it was desirable that the recoil Li’ 
nuclei be ejected from the source as positive ions, 
it was evident that the Be’ should be placed on 
a platinum surface. According to the well-known 
theory of surface ionization, the ejected Li’ 
atoms should be ionized upon leaving the metal 
surface since the electron work function of 
platinum is much greater than the first ionization 
potential of lithium. 


> Haxby, Shoupp, Stephens, and Wells, Phys. Rev. 58, 
1035 (1940). 
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Fic. 1. Experimental arrangement of G-M and 
electron multiplier tubes. 


The first experiments were carried out with a 
sample of lithium metal that had been bom- 
barded with 8-Mev deuterons in the University 
of Chicago cyclotron. The lithium was converted 
to LiCl. After the salt had been dried, a sample 
was placed in a small steel furnace and evapo- 
rated in a vacuum. The evaporated LiCl was 
collected in a beaker inverted over the furnace. 
It was found that the total activity remained in 
the furnace although practically all the sample 
had been evaporated. 

A LiF sample was obtained which had been 
bombarded with 250-microampere hours of 8- 
Mev deuterons. A sample of this salt was fused 
to a strip of one mil thick platinum foil. The 
activity was measured with a G-M tube and then 
the material was evaporated at a temperature of 
about 800°C in a vacuum. The activity of the 
strip after the complete evaporation of all the LiF 
was 80 to 90 percent of the original activity. 
This suggested that the BeF»2 was reduced to Be 
in the presence of the alkali metal and remained 
as metallic beryllium. This process was continued 
until the whole sample had been placed on the 
platinum strip covering an area of about one 
square centimeter. 

The strip was heated to a temperature of about 
1450°C for several hours in a vacuum. Although 
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Fic. 2. Retarding potential curve for recoil ions produced 


by the disintegration of Be’. 


considerable platinum was evaporated, very little 
activity was lost. This indicated that the radio- 
active atoms had diffused into the metal. If the 
platinum could be evaporated rapidly enough, 
some of the radioactive atoms should be exposed 
on the surface. However, it remained to be seen 
whether or not a sufficient surface concentration 
of radioactive atoms could be obtained in this 
manner. During the rapid evaporation the tem- 
perature of the strip was raised too high and the 
foil melted through at the center. The pieces of 
this strip contained about 50 percent of the 
original activity and were used in the neutrino 
experiment. The source was spot welded to a 
tantalum strip so that it could be heated by a 
current passed through the tantalum. 

The radioactivity was identified as that of Be? 
by measuring the absorption coefficient of the 
radiation in lead. This corresponded to a gamma- 
ray of about 0.45 Mev. The half-life was found 
to be in agreement with the value of 43 days 
reported by Rumbaugh, Roberts, and Hafstad.' 


EXPERIMENTAL PROCEDURE 


A diagram of the apparatus used is shown in 
Fig. 1. The electron multiplier was of the type 
described by Allen® and had 11 beryllium- 
covered electrodes. The first electrode E was at 
a potential of about 3.6 kv negative with respect 
to ground. The platinum source strip S was 
supported by two copper rods passing through 
the base of the apparatus and could be heated 
by a current sent through these electrodes. 
A small G-M tube was placed inside a brass 
tube having a wall thickness of 1/32 inch. 
Since this tube passed through the outer walls 


6 James S. Allen, Rev. Sci. Inst. 12, 484 (1941). 
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of the vacuum chamber, it was not necessary to 
bring the G-M _ tube leads through the vacuum. 
The multiplier tube could be shut off from the 
rest of the apparatus during the heating of the 
source by a gate of }-inch steel rotated by means 
of a magnet. The grids G; and G2 were of copper 
screen; Gs was at ground potential while G; was 
supported by insulators. A three-stage oil diffu- 
sion pump was used to evacuate the apparatus. 

Since the pulses from the multiplier tube have 
an almost random distribution in size, it was 
necessary to use a pulse equalizing circuit before 
coincidences between pulses from both the G-M 
tube and the multiplier tube could be obtained. 
The multiplier tube pulses were amplified in a 
two-stage resistance capacity coupled circuit 
with considerable degeneration between the sec- 
ond and first tube. The pulse equalizer consisted 
of a multivibrator circuit with time constants 
sufficiently small so that the width of the pulses 
was not increased. A high negative grid bias at 
the second tube kept the circuit from oscillating 
after a pulse had tripped it. This circuit was 
found to be extremely convenient since by suit- 
able adjustment of the grid bias voltage, the 
amplifier noise could be eliminated and all the 
pulses higher than this noise level brought to a 
uniform height. 

The pulses from the G-M tube were amplified 
by means of a Neher-Harper circuit. For co- 
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Fic. 3. Retarding potential curves for recoil ions. The 
horizontal dotted line represents the background counting 
rate. 
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incident counting the pulses from both circuits 
were mixed in a self-stopping thyratron stage. A 
scale-of-eight circuit was used to record the pulses. 


RESULTS 


Before the radioactive source was placed in the 
apparatus, the multiplier tube had a background 
counting rate of about four per minute. During 
the experiment some Li or LiF was evaporated 
onto the electrodes and the background increased 
to 40 per minute. 

When the Be? source was placed in the appa- 
ratus, no recoil ions could be detected. However, 
after the source had been heated to 1000°C for 
several minutes and then allowed to return to 
room temperature, the counting rate increased. 
It was found that a retarding potential of 50 to 
100 volts on grid G, reduced the counting rate to 
the background value. The closing of the steel 
gate produced the same result. 

Figure 2 represents one of the first retarding 
potential curves obtained for the recoil nuclei. 
Both grids were at ground potential and the 
voltage was applied between the source and the 
nearest grid. It is evident from these data that 
the recoils have a maximum energy of about 50 
electron volts. A potential of 300 volts is sufficient 
to produce a saturation current of recoil ions. 

A considerable gain in intensity was obtained 
by first accelerating the recoils from the source 
to grid G, by a potential of 100 volts or more. 
The retarding potential was placed between 
grids G; and Gs». Since the recoil ions have so 
little energy, it was expected that the counting 
rate would depend upon the heat treatment of 
the source. Figure 3 shows this variation of the 
counting rate. The recoil ions were accelerated 
from the source to grid G; by 176 volts and then 
retarded by 176 volts plus an adjustable retard- 
ing voltage. The data for curve A were taken 
about one hour after a short heating of the 
source, whereas that for curve B was taken about 
one hour after these data. Curve A cuts the back- 
ground line at about 47 volts and curve B cuts it 
at 41 volts. Apparently sufficient gas has been 
adsorbed on the source to reduce the energy of 
the ions by about 6 electron volts. 

As a result of a number of measurements of 
the decrease in the counting rate as a function 
of time, it was determined that the rate decreased 
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RETARDING VOLTAGE 

Fic. 4. Curve C is a retarding potential curve for recoil 
ions whereas curve D is for positive ions emitted from a 
hot platinum filament. The background counting rate is 
represented by the dotted line. 
to one-half the original value in forty minutes. 
This decrease appeared to be a linear function 
of the time if the measurements were made ten 
minutes or more after the heating of the source. 
The dotted curve just above curve A represents 
the correction to A if we assume that the decrease 
in the counting rate due to the adsorption of gas 
on the source was a linear function of the time. 
The correction raises the maximum of the recoil 
energy to 48 electron volts. 

The horizontal dotted line represents the 
counting rate when the steel gate was closed. 
The small increase in the counting rate with the 
gate open and the retarding potential greater 
than 50 volts is due probably to neutral recoil 
atoms. The fact that this effect varies with the 
heat treatment of the source rules out either 
negative electrons or positrons since these should 
have no difficulty in penetrating the gas layer. 
These data indicate that Be’? emits extremely) 
few, if any, positive or negative electrons since 
positrons of almost any energy and negative 
electrons having energies greater than 3.6 kev 
would have been detected. 

Figure 4 represents data taken a short time 
after the source had been heated for several 
minutes to a temperature of 800 to 900°C. The 
counting rate was considerably higher than that 
for curves A and B. In order to test the accuracy 
of the retarding potential measurements, the 
radioactive source was replaced with a strip of 
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platinum foil which had been treated with a 
small quantity of LiF in the same manner as 
the radioactive source. A copious emission of 
positive ions was obtained when the strip was 
heated to a few hundred degrees C. No emission 
was noticed at room temperature. Curve D 
represents the data for these ions. The fact that 
the ions cut the axis at 6 volts retarding potential 
can be explained by the penetration through 
grid Gz of the strong electric field from the first 
electrode of the multiplier tube. Thus the ob- 
served values of the retarding potentials for the 
recoils should be decreased by 6 volts. 

Although the recoil nuclei appear to have a 
maximum energy greater than the 15.6 electron 
volts predicted assuming that they are due to 
the recoil of the 0.45-Mev gamma-ray, the 
possibility remained that for some unexplained 
reason they were, after all, due to this gamma- 
ray. There remained the additional possibility 
that the recoils were due to the emission of a 
0.87-Mev gamma-ray during the Be’ disintegra- 
tion. Although Maier-Leibnitz’ failed to detect 
gamma-rays of this energy in a cloud-chamber 
experiment, it was deemed advisable to test 
whether or not gamma-rays were accompanying 
the observed recoils. In order to investigate these 
possibilities the coincidence experiments to be 
described in the next section were carried out. 


COINCIDENCE COUNTING 

The resolving time of the coincidence circuits 
was determined by removing the G-M tube to 
one side and adjusting the position of a gamma- 
ray source so that the counting rate was nearly 
equal to that observed in the actual experiment. 
The multiplier tube counting rate was produced 
by an alpha-particle source. This counting rate 
also was approximately equal to that observed 
in the experiment. A resolving time of 3.95+0.22 
X 10-7 min. was observed. 

In order to predict the number of coincidences 
to be observed if the recoils were due to a gamma- 
ray, it was necessary to have at least an approxi- 
mate value of the efficiencies of both tubes. 
Since it was impossible to measure directly the 
efficiency of the multiplier tube for 3- to 4-kev 
positive ions, measurements were made for alpha- 
particles. A comparison was made between the 


a H. Maier-Leibnitz, Naturwiss. 37, 614 (1938). 
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counting rate obtained with either the multiplier 
tube or a parallel plate ionization chamber 
placed over the same slit system. An ionium 
source was used. This emits alpha-particles 
having a range of about 2.8 cm of air. The range 
was reduced to about 1.4 cm by a mica foil. It 
was found that the counting rates were the 
same. This indicates that the multiplier tube 
records every alpha-particle that hits the first 
electrode. There is reason to expect that the 
efficiency for the counting of slow positive ions 
is likewise about 100 percent. 

Since the G-M tube subtended a larger solid 
angle at the source than did the first electrode 
of the multiplier tube, every recoil produced by a 
gamma-ray and recorded by the multiplier tube 
should be accompanied by the passage of the 
gamma-ray through the G-M counter. Of course, 
this assumes that the recoil nucleus and gamma- 
ray go off in opposite directions. The data of 
Von Droste* and Dunworth® give the absolute 
efficiency of a G-M tube similar to that used in 
this experiment as about two percent for 1000- 
kev and one percent for 500-kev gamma-rays. 
Assuming that the efficiency of the tube used in 
this experiment was of the same magnitude, one 
finds that the coincidences to be expected for 
gamma-ray recoils would be about one or two 
percent of the multiplier tube counting rate. 

In the actual coincidence experiment the G-M 
tube was placed in the position shown in Fig. 1. 
The G-M tube rate was 190 counts per minute. 
The multiplier tube counting rate varied from 
about 200 to 5000 counts per minute depending 
upon the heat treatment of the source. Coin- 
cidences were recorded during either one-half or 
one-hour intervals. The multiplier tube rate was 
taken to be the average of readings taken just 
before and after the coincidence readings. The 
number of chance coincidences to be expected 
was calculated from the relation, 


A = 2rN, No, 


where A is the number of accidentals per minute, 
rt is the resolving time in minutes, and N, and N» 
are, respectively, the counting rates of the G-M 
tube and the electron multiplier tube. A typical 
set of data is given: N;=190 counts per minute, 


5G. Von Droste, Zeits. f. Physik 100, 529 (1936). 
9]. V. Dunworth, Rev. Sci. Inst. 11, 167 (1940). 


pe 
re 


by 
pr 


m 
1g 





EVIDENCE FOR 


N,=605 counts per minute, total time=60 
minutes. In this time interval 5 coincidences were 
observed. The expected number of chance coin- 
cidences was 5.7. In all, 50 coincidences were 
recorded in 12.55 hours. The number of chance 
coincidences to be expected in this same time 
was 63.1+5.3. 

The number of coincidences to be expected if 
the recoils were due to a gamma-ray was deter- 
mined by assuming that the efficiency of the 
multiplier tube was 100 percent and that of the 
G-M tube was one percent. Since both counters 
subtended about the same solid angle at the 
source, the number of coincidences per minute 
was given by 0.01 N»2. In the example above, 
333 coincidences per hour should have been ob- 
served if the recoils were due to gamma-rays. 
By similar calculations 3757 coincidences should 
have been observed during the 12.55 hours while 
actually 50 were observed. The calculated value 
is about 80 times the observed number of coin- 
cidences. This large difference between the ob- 
served and expected coincidence rates rules out 
the possibility of the recoils being caused by 
either a 0.45-Mev or a 0.87-Mev gamma-ray. 
Even though the efficiencies of either tube were 
considerably smaller than the values assumed, 
some increase in the coincidence rate over that 
expected by chance should have been observed. 


DISCUSSION 


An accurate determination of the maximum 
recoil energy is made difficult by the fact that 
the retarding potential curves do not approach 
the axis very steeply. However, this behavior 
probably is an inherent difficulty in this type of 
experiment. Since the recoils have so little energy, 
it is almost impossible to prepare a target that 
is truly thin. The fact that the observed maxi- 
mum recoil energy increased when readings were 
taken immediately after the heating of the target 
suggests that the true maximum may be some- 
what higher than the observed value. An experi- 
ment carried out with the target held at a tem- 
perature of several hundred degrees C should 
remove this difficulty. 

The momentum of the recoil nucleus ejected 
by the emission of a neutrino in the Be’ decay 
process is given by 


p=(1/c)(T?+mceT)}, 
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where p is the recoil momentum, and m and 7, 
respectively, are the rest mass and kinetic energy 
of the neutrino. Since the neutrino receives most 
of the energy, T is very nearly equal to 0.87 Mev. 
If the rest mass of the neutrino is assumed to be 
zero, the maximum energy of the recoils is found 
to be 58 electron volts. Both the Fermi and 
Konopinski-Uhlenbeck theories for the shape of 
the continuous beta-ray spectrum require the 
neutrino rest mass to be zero or, at most, 0.2 
that of the electron in order to agree with the 
observed shape of the high energy part of the 
curve. A neutrino rest mass of 0.2 that of the elec- 
tron will lower the maximum recoil energy by 
only one electron volt. Thus the recoil energ 
must be measured very accurately for a deter- 
mination of the neutrino rest mass. Since positive 
ion work functions may be several electron volts 
for metals not completely outgassed, the ob- 
served recoil energy will be a few electron volts 
less than the actual value. The value observed 
in this experiment is from 10 to 15 electron 
volts lower than the expected value. Part of this 
discrepancy is due to the positive ion work 
function of the platinum strip and part is due to 
the energy lost by the ions in penetrating the 
laver of gas on the surface of the source. 

The fact that no positrons were found confirms 
the observations of Haxby® and collaborators on 
the Be’—Li’ mass difference. The value of 1.02 
Mev required for positron emission is consider- 
ably higher than the value of 0.87+0.03 Mev 
given by this group. 

It has been shown that the observed recoils 
were not caused by gamma-rays. Unless some 
new mechanism for the removal of the energy 
produced in the Be? decay process can be dis- 
covered, it must be concluded that the recoils 
were caused by the emission of a neutrino of 
nearly zero rest mass. 

In conclusion, the author wishes to express 
his gratitude to Professor S. K. Allison of the 
University of Chicago for suggesting the use of 
Be? in this experiment and also for many helpful 
discussions during the experiment. Thanks are 
also extended Dr. Louis Slotin and the other 
members of the University of Chicago cyclotron 
crew for preparing the radioactive material used 
in this experiment. 
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Lorentz transformations are developed between relatively accelerated systems, based on the 


assumption that there exists an inertial set defining absolute acceleration and on the supposition 


that the accelerated observer uses at each moment the member of this inertial set appropriate 
to his momentary velocity. The application of this transformation to a planetary observer 


shows that the system is non-affine; beyond a critical distance events occur in reverse order 
during half the vear and stretch through longer than normal times in the opposite season. 
Actual appearances at the origin are not affected by this feature, since the velocity of light is 


reversed when time is reversed, and carries the original frequency unchanged to the observer. 
Rosen’s method of avoiding this non-affine character of flat space is discussed, and shown still 
to require the existence of an absolute standard of uniformity of motion before the real field 


theory of gravitation can be maintained. It is not claimed that flat-space theory is false, but 
that in practice it would be an inconvenient method of description that can hardly be identified 


with that actually emploved in astronomy and physics. 


INTRODUCTION 


INCE Einstein’s formulation of his theory of 

gravitation in terms of a Riemannian curved 
space-time metric, there have been many 
attempts to incorporate the various advantages 
of Einstein’s theory within the framework of a 
flat space-time. Perhaps the most ambitious 
attempt was that of A. N. Whitehead,' gener- 
alized by G. Temple,? which developed a 
formalism of its own ab initio. More recent 
attempts have been made* which seek rather to 
re-interpret the formalism of Einstein from the 
“flat-space”’ point of view. These attempts were 
apparently stimulated in part by D. C. Miller's 
observations on ether drift.1 Now that W. C. 
Anderson’s work® has turned the evidence more 
in favor of the original point of view of Einstein, 
it would appear desirable to examine more 
critically the flat-space hypothesis. 

The present writer has already published a 
somewhat feeble protest® against the Whitehead 
theory of absolute acceleration, and now feels it 
may be worth while to restate!this protest in 
clearer and more precise terms. 


' A. N. Whitehead, The Principle of Relativity (Columbia 
University Press, 1922). 

2G. Temple, Proc. Phys. Soc. 36, 176-193 (1924). 

3A. Eagle, Phil. Mag. 23, 694-701 (1929); N. Rosen, 
Phys. Rev. 57, 147-155 (1940). 

‘1D. C. Miller, Rev. Mod. Phys. 5, 203-242 (1933). 

5 W.C. Anderson, J. Opt. Soc. Am. 31, 187-197 (1941). 

6W. Band, Phil. Mag. 7, 434-440 (1929), 


LORENTZ TRANSFORMATIONS BETWEEN RELA- 
TIVELY ACCELERATED OBSERVERS 


We shall work from the flat-space point of 
view. This means we assume the existence of an 
inertial set of reference systems which can be 
definitely identified with the ‘“‘natural’’ systems 
of absolutely unaccelerated observers. It also 
means that we suppose that an accc!erated ob- 
server S’ will, at any instant, use the same flat 
space-time system as an unaccelerated observer 
S momentarily at rest with S’ at the instant of 
interest. During his accelerated motion S’ 
employs a reference system actually composed of 
a succession of the inertial set of systems. 

Write down the Lorentz transformations 
between two members S and S, of the inertial 
set, where S is moving with velocity v relative 


to So: 


ts 


r’=r+kvi+(k—1)v(r-v)/2", (1) 
t’=k(t+r-v/c). 


Then S’ shall employ the same reference system 
as that used by S when their velocities coincide. 
To find the transformation between the displace- 
ments in the two systems we may therefore 
differentiate (1) regarding v as a variable follow- 
ing the motion of S’. This gives the following 
transformation from Sy to S’. 
dr’ =dr+(k—1)v(dr-v)/v?+k(v+fit)de 
+(k—1)(f(r-v)/v?+v(r-f)/v*)dt, | 
dt'=kdt(1+r-f/c)+kv-dr/c. 
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In these relations, (r, 7) is the S measure of the 
interval between what we may call the act of 
observation and the observed event, and f is the 
S measure of the acceleration of S’ at the instant 


of observation. 


LORENTZ TRANSFORMATIONS TO AN OBSERVER 
REVOLVING IN A CIRCULAR ORBIT 


Let S’ be an observer revolving in a circle 
about the origin as center—a model which 
approximates the terrestrial observer with the 
sun at the center. Then at any instant we can 
use (2) to transform from S’ to So’, where So’ 
is an observer coinciding with S’ at the instant, 
but at rest with respect to So at the origin. The 
transformation from So’ to So is then merely a 
translation through the radius vector of the 
orbit at the instant of interest. Thus we have in 
general, writing R for the radius vector from the 
origin to S’ at the instant: 


dr’ =dry+(k—1)v(dr-v)/v?+k(v+fi)dt 
+ (k—1)(f£(ro-v)/v? +Vv(r9-f) /v* 
—v(R-f)/v*)dt, (3) 
dt' = kdt(1+(ro—R) -f/e) +kv-dro/c. 


Here rp is the radius vector from the center to 
the point of interest where the differentials are 
being measured; also we have used the fact that 
v and R are mutually perpendicular. We may 
further write 


R= R(cos wli;+sin wtis), 
v= —wkR(sin wti,; —cos wtis), (4) 
f=-—w"R, v=wkR. 


The relations (4) then permit us to write down 
the correct transformation (3) at any desired 
phase of the motion of S’. 

To appreciate the meaning of these trans- 
formations we consider a special case, namely, 
when the point of interest or the observed event 
is on the same radius as the observer S’, at the 
instant of interest. Thus we may write 


to=nMi1, R=Ri,, v=wRir, f=—w*Ri);. (5) 


Substituting these special values into (3), we 
obtain after some simple reductions: 


dr’ =dry+(k—1)dyoi2—k(w*Rti,+v)dt 
—(k—1)(ro—R)wiedt, (6) 
dt’ =kdt(1 — (ry> — R)w* R/C?) + kod yo/c’. 
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FLAT SYSTEM OF REVOLVING OBSERVER 
IS NON-AFFINE 


A glance at the second of Eqs. (6) will show 
that there exists a point where time as deter- 
mined by S’ will “‘stand still."” Thus events 
occurring at a given point, dy» zero, at a distance 
c/w R*? from S’, all occur at the same time, 
dt’=0, at least while the radius from the center 
to S’ sweeps past the proper position. In the 
opposite phase of the motion of S’ these events 
wiil stretch double the time d/. At points beyond 
this distance dt’ becomes negative, which means 
that the same event will be assigned more than 
one definite time coordinate by the S’ system. 

For terrestrial observers, using the values of 
w and R for the earth's orbit, the critical distance 
is about 10*' cm, well within the galactic system! 

This does not mean, however, that according 
to flat-space theory, events beyond the critical 
distance ought actually to appear to S’ as if 
they took place in the reverse order during part 
of the year, and caught up with themselves again 
during the opposite season. The relations (6) 
are pure extrapolations. The actual appearance 
of events at great distances from the observer 
depends upon the propagation of light; and this 
is the same for every one of the family of inertial 
systems used by S’ throughout his motion. The 
propagation of light is unaffected by the extra- 
polations involved in (6). 

What happens in detail is this: the calculated 
speed of light, in the S’ system, becomes infinite 
at the critical moment where dt?’ vanishes, and 
negative where df’ is negative, so the propagation 
continues blissfully ignorant of the peculiar 
antics of ¢’. The period of the light waves, also, 
is not influenced by the variable ratio between 
dt’ and dt shown in (6), so that in spite of ap- 
parent red and blue shifts which one might expect 
from a superficial reading of (6), the theory 
actually does not predict such a phenomenon. 

These assertions are easily checked analyti- 
cally. Write 

dry = —cdli, (7) 
for a light ray traveling towards the center. 
Then (6) become, if for simplicity we take /=0 
(we are interested in the velocity “‘now’’), simply 

dr’ /dt= —ci,;—(R—rot+kro) wie, (8) 
dt’ /dt=k(1—(ro— R)w*R/c*). 
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Since we are interested in values of ro of the 
order 107! cm, we can neglect R, and write for 
the velocity of light for S’ 


c’,=dr' /dt’ = — c(i; —krwi2/c)/(1—rw*R/c*)k. (9) 


Even without the approximation, comparison 
with (6) shows that where dt’ vanishes, c’ 
becomes infinite, etc. Equation (9) it must be 
remembered, is the velocity of light that will be 
assigned by S’ to the propagation at distance r; 
the velocity he would obtain in his own neighbor- 
hood would be given by (8) with r>=R, and this 
becomes 

c’9 = —c(i;/k —wRiz/c). (10) 


This includes the usual aberration term, and 
presents nothing unusual: its magnitude is 
exactly c. 

To check the invariance of frequency it would 
be necessary to develop the quadratic expression 
ds* in terms of dr’ and dt’, by making use of (6). 
It seems unnecessary to undertake the tedious 
algebra required for the proof; it is already suf- 
ficiently obvious that the observed frequencies 
will remain normal during the motion of S’ 
because at each instant he is using one of the 
inertial set relative to which only the normal 
Doppler shift will be present. 

We do not doubt, therefore, that the flat-space 
theory can be made to fit the facts of observa- 
tion, at least roughly. But when the observer S’ 
insists on projecting his flat systems at each 
instant by extrapolation beyond his immediate 
neighborhood, he runs into all kinds of fantastic 
inconveniences. We do not assert that SS’ cannot 
perform such extrapolations, but in practice he 
does not. The terrestrial observer in practice 
adopts a static system in which the velocity of 
light is a constant everywhere, or at most a 
function of the gravitational potential; it cer- 
tainly is not a function of the acceleration of the 
observer in the way indicated in (9). And most 
serious of all, the terrestrial observer makes 
every effort to assign a definite set of coordinates 
to every event, and is not willing to suppose this 
to be fundamentally impossible—as it would be 
if his space-time were non-affine. 


ROSEN’S AFFINE FLAT SPACE-TIME 


The only way to retain flat space-time and to 
avoid the non-affine character of the extrapolated 
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local flat systems of the planetary observer, seems 
to be that suggested by Rosen.* This involves 
accepting for the planetary observer a different 
value for the invariant interval from that used 
above. Thus, suppose that first we set up the 
Riemannian metric of general relativity by 
means of which coordinates can be assigned 
everywhere without ambiguity; and accept these 
assigned coordinates but define a new invariant 
interval in terms of them which is simply a 
Euclidean quadratic form. Since a ‘‘flat’’ quad- 
ratic form can never become curved by coor- 
dinate transformations, this procedure succeeds 
in establishing a definite set of flat reference 
systems which are affine everywhere. It now 
becomes a question of whether the Riemannian 
or the Rosen quadratic form is ‘‘really”’ the 
physical interval in space-time. 

To see clearly the contrast between Rosen’s 
procedure and that used above for finding the 
flat system of a planetary observer, we note that 
on Rosen’s method the accelerated observer S’ 
assigns different coordinates to events from those 
assigned by an unaccelerated observer S who is 
momentarily coincident and at rest with S’; but 
the interval used by S’ may be the same function 
of his new coordinates as the function used by 
Sin terms of the S coordinates. Acceleration thus 
corresponds rather to a strain than a trans- 
formation of the reference system. Whether it is 
intended that all other physical entities which 
are functions of position should undergo the 
same strain—i.e., remain the same functions of 
the new coordinates—is not clear. 

From a formal point of view Rosen’s method 
has the following advantage. We first agree to a 
convention, that if a coordinate transformation 
is effected in the Riemannian system, the same 
coordinate transformation is to be carried out 
in the Rosen flat system, so that we always have 
the same coordinates assigned everywhere by 
the two systems. It follows from this that tensor 
character is imparted to certain quantities which 
could not be tensors otherwise. Moreover, the 
Riemannian metric tensor can then be regarded 
instead as a gravitational field tensor, and the 
formalism of the Einstein theory of gravitation 
can be carried over unchanged into the new 
point of view, and made to give the same obser- 
vational results. 
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Now the agreed convention regarding coor- 
dinate transformations has one important con- 
sequence that was apparently overlooked. It is 
perfectly easy in the Riemannian system to 
transform the time-axis into any geodesic—for 
example, the history of the planetary observer. 
The geodesic behavior of the central mass is not 
thereby altered. But according to Rosen’s agreed 
convention, the same transformation must be 
effected in the flat space, which of course means 
that the history of our planetary observer also 
becomes the new time-axis in the flat space; but 
the motion of the central mass then has to be 
explained in terms of immense forces, which 
analytically are provided for by the Riemannian 
fundamental tensor components. 

In physics we are familiar with this kind of 
situation, and regard such forces as fictitious; it 
seems that the same attitude has to be adopted 
here from the point of view of Rosen’s theory. 
Yet it is one of the points made by Rosen, that 
the gravitational field is restored to its physical 
reality by the flat-space theory. It is difficult to 
see how we are to reconcile these two viewpoints; 
for if the field given by the Riemannian funda- 
mental tensor is fictitious in one system, why 
should it be real in some other systems? And it is 
not clear which particular system could be 
chosen unless we are perfectly sure that the 
cosmological field actually defines a standard of 
absolute zero acceleration—a rather dangerous 
assumption in the present state of cosmological 
knowledge. 

The adoption of Rosen’s method, therefore, 
would logically involve a fundamental departure 
from the general principle of relativity, if we 
wish to use it as a way of restoring the field 
theory of gravitation: an absolute standard of 
uniformity of motion has to be postulated just 
as in the straightforward restricted relativity 
theory and in Newtonian dynamics. If we are 
unwilling to make this postulate, then the gravi- 
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tational field loses its reality even in the Rosen 
flat system, so that we might as well go right 
over to the general relativity method! 


CONCLUSION 


It has not been claimed that flat space-time 
theory is actually false. Locally it can make no 
difference whether we regard our coordinate 
system as flat or curved. Differences arise when 
the observer wishes to assign coordinates to 
events outside his immediate experience, which 
he regards as the “‘causes’’ of local appearances 
—the sources of the light signals received at the 
observer’s origin. It would be meaningless to 
discuss the truth or falsity of such coordinate 
assignments; convenience and _ self-consistency 
can be the only criteria beyond questions of ob- 
servational accuracy which do not concern the 
pure theorist. 

The difference between the Rosen flat space 
and the Riemannian curved space is however 
real, even at the observer's locality. The status 
of Rosen’s flat space in the general scheme of 
relativity theory will be discussed in detail in 
another paper. Here we have simply pointed out 
that if any flat-space point of view is adopted, 
including Rosen’s, we must logically assume the 
existence of a standard of absolute uniformity of 
motion, and refuse to permit a terrestrial—or 
any other planetary—observer to regard his own 
history as a suitable time-axis for a coordinate 
system. Yet the Rosen method appears to be the 
only practical escape, short of general relativity, 
from the non-affine character of extrapolated 
local flat systems based upon tangency to the 
Riemannian space at any point. 

If any conclusion can be drawn by mere 
argument, we might here assert that a non-aftine 
system is extraordinarily useless, and an absolute 
standard of uniformity remarkably elusive; com- 
plete freedom from these troubles can only be as- 
sured by a thoroughly general relativistic theory. 
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A physical interpretation is given of the mathematical theorem that a Riemannian space can 
be defined by means of the system of local tangent flat spaces. This leads naturally to an 
elucidation of the status of Rosen's flat space in the general relativity theory. Comparison flat 
spaces can be chosen arbitrarily, and if taken as giving the metric of space time lead to dif- 
ferent arbitrary values of ether drift. In particular, the flat-space tangent to the Riemannian 
space along the history of the observer (at the origin) is locally equivalent with the Riemannian 
space, and no ether drift would be involved in using it in place of the Riemannian space as a 
method of extrapolating measurements to great distances. It is further shown that the formal 
simplifications achieved by introducing the comparison metric do not depend on its flatness. 
A de Sitter type of isotropic empty space is introduced by means of which the distribution and 
laws of motion of matter can be expressed in terms of the differences between actual space con- 


taining matter and the empty comparison space. Comparison spaces in general are essentially 





ideal, and can be introduced to bring out the non-ideal characteristics of actual space. 


INTRODUCTION 


T was shown by Rosen! that by arbitrarily 
introducing an Euclidean quadratic form in 
the coordinates side by side with the Riemannian 
metric of the Einstein theory, a formal simplifica- 
tion of important equations of general relativity 
could be secured. 

Rosen further pointed out the possibility of 
abandoning the geometrical interpretation of the 
Riemannian metric in favor of the Euclidean 
form as the natural space-time metric of an 
observer in field.2 The field 
potential would be described in terms of the 
Riemannian fundamental tensor. The rays of 
light would be given by null geodesics in the 
Riemannian field, which would thus behave as a 
medium with a refractive index depending on 
the gravitational potential. An ether drag* caused 
by motion through the field is then to be ex- 
pected, which circumstance was claimed to favor 


a gravitational 


the flat-space point of view. 

Since Rosen’s work, Anderson‘ has published 
his measurements of the velocity of light, in 
which the greatest possible drag variation in six 
months was less than the mean daily variation. 
As his measurements are apparently the most 
precise to date, it would appear that the flat- 


''N. Rosen, Phys. Rev. 57, 147-150 (1940). 
? N. Rosen, Phys. Rev. 57, 150-154 (1940). 
3 N. Rosen, Phys. Rev. 57, 154-155 (1940). 
*W. C. Anderson, J. Opt. Soc. Am. 31, 187-197 (1941). 


space point of view has lost observational sup- 
port in this respect. 

It should perhaps be pointed out in passing 
that the argument would not be affected by the 
possible existence of secular changes in the 
velocity of light such as those discussed by 
Birge,® since small variations of gravitational 
potential in the local stellar cluster would suffice 
to account for these on either theory. 

Certain fundamental theoretical difficulties in- 
volved in the flat-space point of view have been 
discussed elsewhere.* In the present paper we 
discuss the status of Rosen’s flat space within 
the scheme of general relativity, and point out 
how the formal advantages of Rosen’s method 
are independent of the flatness of the comparison 


space. 


RIEMANNIAN SPACE AS A SYSTEM OF 
LOCAL SPACES 


It is known’ that a complete ‘“‘curved”’ space 
can be built up from a system of local spaces b\ 
means of linear that the 
Riemannian space can be defined by the system 
of local tangent ‘‘flat’’ spaces.* From the point 
of view of physics, these mathematical theorems 
can be described as follows. 


connections; also 


5 R. T. Birge, Nature 134, 771 (1934). 

6 W. Band, Phys. Rev. 61, 668 (1942) 

7D. J. Struik, Theory of Linear Connections (Springer, 
1934). 

5QO. Veblen, Projective Relativitdtstheorie (Springer, 1933). 
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SPACES 


A freely falling observer finds the gravita- 
tional field locally absent, and his reference 
system locally flat. Let him employ unit refer- 
ence vectors it, where® 
=1,a=6=0: 

=-l,a=p+0. (1) 


it-i8=6,.3=0, az > 


Any attempts by an observer to make measure- 
ments outside of his own immediate locality are 
to be considered extrapolations; direct measure- 
ments are to be confined to hisown neighborhood. 
The principle of connectivity, however, states 
that it is possible for any observer S to compare 
with his own, the unit reference vectors used 
nearly simultaneously by any other observer S’ 
at a position not too far removed from S at the 
time of comparison. 

If one now imagines a system of free observers, 
one to every small four-dimensional region, one 
can at once set up the fundamental equations of 
differential geometry : 


~@ _# ve 
di =l,dyi, (2) 


where dy’ are the components of the position of 
S’ against S: 

SS’ =dy*i*. (3) 
Since the members of this system are all free 
observers, the system obtained from (2) is 
everywhere flat, and the linear connections must 
satisfy the condition 
Oo , Oe 2 


,@ a® , 
or..4+—t~- 
Ox” Ox? 


€ a € 


| - = y= \- re 


It is obvious that the free observers cannot in 
fact all be permanent members of the system, 
for in general two free observers will be near 
neighbors only momentarily. This is the physical 
language for the mathematical statement that 
the system of coordinates set up will be non- 
affine. In practice we do not go on re-creating 
new free observers for each small four-dimen- 


sional element of space-time, but we set up, in” 


principle, a system of observers which are sup- 
ported in such a way as to be permanent members 
of the system whose origin is set permanently on 
the first-chosen free observer. 

It is not necessary to specify exactly the system 
of observers beyond the single requirement that 


®*W. Band, Am. J. Phys. 8, 162-164 (1940). 
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their relative motions shall be such as to maintain 
mutual neighborliness! Such a system, whik 
impracticable, is conceivable, and hence accept- 
able as the basis of extrapolations from the 
origin. The principle of connectivity applied to 
such a system permits the relations 

de*= ios \dx’e*, (5 
where e* are the unit vectors for any supported 
observer, and dx are the components of the 
position of S against S’: 


SS’ = dx7e*. (6 


By the manner of its definition, the system is 
affine, so that 


lav) = hvaty (7 
but not in general flat because of the “supports” 
and local presence of gravitational fields. 

It will now be conceivable for any one of the 
supported observers to compare his unit reference 
vectors with those of the appropriate member of 
the system of free observers. The relative acceler- 
ation between them will be equivalent to a 
linear transformation, and we shall expect the 
relation : 

e* = ¢°, 1°, (8) 
where the dyadic components ¢*%, can be found 
in every small four-dimensional region. It will b 
assumed possible to choose the system of fre« 
observers in such a way that $% vary con- 
tinuously from region to region everywhere, and 
therefore are well-behaved functions of position 
in the affine x space of the supported observers. 

Comparing (3) with (6), noting that the 
intervals SS’ can be chosen identical in the two 
relations, we see that 

dx’e’ =dy'i' (9) 
and from (8) 

dy" = o* dx’. (10 
This constitutes a linear transformation between 
the non-affine flat y space and the affine curved 
x space. 

The metrics of the two spaces are given by 
their unit reference vectors. Thus the quadratic 
intervals are, respectively, 


, ds* = 6,,dy*dy’, where ds=dy’i’, (11) 
anc 
ds* = ¢,,dx*dx’, where ds = dx*e*, (12) 
and 
Luv = e*-e’= ba8*,o",. ( 13 } 
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It should be remarked that the above transfor- 
mation relations between flat and curved metrics 
are possible only because the flat metric is non- 
affine; the Eqs. (10), for example, are not 
integrable. It is of interest also to note that the 
relations (13) signify that whereas the metric of 
the curved space is determined by the trans- 
formation (8), the converse is not true; there 
are many possible systems of free observers 
which would lead to the same curved metric 
with a given single free observer as permanent 
origin. 


COMPARISON FLAT SPACES 


If Eqs. (10) are used in the linear connection 
(2) we obtain 


di =\.dxi, (14) 
where 


wm 


Nav =, Dae. (15) 


Now the relations (14) constitute an alternative 
linear connection in x space for comparison with 
(5) ; since x space is already affine the coefficients 
of (14) must satisfy 

Nav = Ava: 
Moreover, since the reference system i* is every- 
where flat 


€ 0 € 


~A,,=0. (16) 


€ 


AyeMar— ApNvo+—Ape— 
Ox” 


These last two equations are not inconsistent 
with (4) nor with the non-affine condition in 
y space, namely 


rn A od 

I av ca I vas (17 ) 

The differences between the linear connection 
coefficients in the two spaces can be expressed 


in terms of the components ¢,. Thus, let a 
be the components of the reciprocal conjugate 
dyadic, so that (8) solves in the form: 


i" =¢,"e. (18) 

Then it is easily shown that 
di =(e:yt+{arlds Je dx, (19) 
where _. is the set of intrinsic { }-derivatives 


of ag By comparison of (19) with (14) and by 


use of (8) on the right of (19) we obtain 
a a a *@ a 
Apr = tur} — Aue = dy; o- (20) 
The analogous reasoning starting directly from 
(8) instead of (18) leads to the alternative ex- 
pression 
a go *a 
Ay = Dy, Po » (21 ) 
where nh are the intrinsic A derivatives of d,. 
The invariant interval associated with (14) is 
evidently 
; do = dx*i*, (22) 
which will be called the comparison interval with 
respect to the true interval ds given by (12). To 
permit transformations to different flat systems a 
more general notation than (11) is desirable for 
the comparison metric, which will, therefore, be 
written in the form 


do* = y,,dx*dx’. (23) 


Here rae 
Yu='-r', (24) 


and (13) is replaced by 
Luv = ¥aBh"uh*. (25) 


Transformations of coordinates will leave in- 
variant both de and ds, while ¢%, will transform 
as tensor components. 

Given a particular Riemannian metric, the 
choice of a flat comparison metric is still un- 
determined. For example, we may choose y,, 
equal to g,, at the origin, so that the flat space 
is tangent to the Riemannian space at the origin. 
This would require, at the origin 


$73 = 5%3, (26) 


where 6%3 is the ordinary 6 symbol [not the same 
components as those introduced in (1) and used 
in (13) ]. With this tangent comparison space we 
derive from (20) and (21) 


a *a 
:? 


Ai = Oy: = by.» (27) 


There will be no distinction between the two 
spaces in the neighborhood of the observer at 
the origin, and they will merely represent two 
different possible methods of extrapolating meas- 
urements at great distances. 

If on the other hand the Riemannian space 
tends towards flatness at great distances, it is 
equally possible to set up a flat comparison 





yH =|: FH FF FRO wen we oe 


— 


I 


of 


wl 


sp 
as 


th 


3) 
4) 


1e 
n- 
‘ay 


a 


ye 





SPACES IN GENERAL RELATIVITY 705 


space which is tangent to the Riemannian space 
at infinity. This would give the flat space sug- 
gested by Rosen,’ and there will be a definite 
distinction between the two spaces in the neigh- 
borhood of the observer at the origin. There is 
no necessity to make any particular choice, so far 
as formal convenience is concerned. In fact 
Rosen’s choice would become impossible were the 
Riemannian space not tending towards flatness 
at infinity, and we should have to be satisfied 
with tangency at any arbitrarily chosen point. 

Since the Riemannian space and the com- 
parison space are based on the same coordinate 
system, transformations of coordinates take place 
in both systems simultaneously and their common 
point of tangency is invariant. The set $%, trans- 
forms as a tensor, and hence, through (21) the 
differences between the two linear connection 
coefficients also transform as a tensor. The formal 
simplifications obtained by the use of the Rosen 
flat space are consequences of any of the choices 
of flat comparison spaces here discussed, and do 
not depend upon the point of tangency between 
the two spaces. 


EQUATIONS OF MOTION 


Since the gravitational field is absent in the 
local flat space, the observer’s own track will 
be a straight line in terms of the local space : 


O=d s=d(dy i') =i (d y'+ldy'dy). (28) 


In terms of the comparison space, the equation 
of a straight line would be rather 


O=d e=d(dx i’) =i (dx +A.dx'dx’). (29) 


The actual equations of motion in terms of the 
x coordinates are obtained by going over from 
(28) to the Riemannian space: 


0 =d*s =d(dx+e*) =e*(d*x*+ “hd \dx*dx’), (30) 
which, by (20), can be written as 
dx +A,,dx dx =—A,,dx dx’. (31) 


Comparison between (29) and (31) shows that, 
if the observer makes use of the comparison flat 
space, the true equations of motion will appear 
as if a gravitational field were present disturbing 
the motion. The force depends only upon the 
connection differences; but since the actual 


choice of comparison space is not prescribed, the 
force is actually arbitrary. If the comparison 
space is chosen tangent to the Riemannian space 
along the history of the observer at the origin, 
then the connection differences, and hence the 
apparent force, will permanently vanish in the 
immediate neighborhood of the origin. If the com- 
parison space is tangent to the Riemannian space 
at infinity, the apparent force will approximate 
the force of Newtonian theory. But none of 
these choices is compulsory, and no preference 
should be given to any special value of the force 


in a claim to “reality.” 


NON-EXISTENCE OF AN ETHER DRAG 


Consider two momentarily coincident plane- 
tary observers with uniform relative velocity. 
Since their local flat spaces are tangent with 
their respective curved systems in their own 
(common) neighborhood, the transformation be- 
tween their curved spaces will be the Lorentz 
transformation between their local flat spaces. 
The coefficients of the quadratic forms are func- 
tions only of the gravitational potentials and 
these are the same for the two observers. The 
Lorentz transformation thus leaves unchanged 
the coefficients of the quadratic form." If we 
take 

ds?*=C(1+29/c?)d? —(1—2¢/c)dr*, (32) 


the transformation will be approximately 
dx=k'(dx'+vzdt'), dt=k'(dt'+vdx'/c’), (33) 
where 
k’=(1—v?/c?)-?, and c’=c(1+2¢/c). (34) 
In terms of x’, ?’, we have, of course, 
ds*=¢?(1+29/c?)dt" —(1—29/c*)dr. (35) 


The velocity of light on the two systems is the 
same, and no “ether drag”’ can be expected. 
If we use the Rosen comparison space we may 
write 
do? =cCdt? —dr’*, (36) 


where c is the velocity of light in regions remote 
from matter, or at infinity in the Riemannian 
space. If we arbitrarily assume that the correct 
transformation between the two systems leaves 


10 The writer wishes to thank Dr. Rosen for a discussion 
of this point. 
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the coefficients of (36) unchanged, then we shall 
have to use the ordinary Lorentz transformations 
like (33) and (34) with the unprimed symbols. 
The application of this to (32) leads to 


ds* = c*dt'"?(1+2¢' /c?) +8@k*vdx'dt’ 
—dx"*(1—2¢'/c*), (37) 
where 
¢ = o(1+0"/c*)k*. (38) 
The velocity of light, given by ds=0 in (37) is 
easily shown to be, when terms in (v/c)? are 
neglected, 
c(1+2¢/c*)(1+4¢0/c*). (39) 
This gives the ether drag coefficient —4@v/c* as 
in Rosen’s work. The result is the same as if we 
regarded the gravitational field relative to the 
metric of (36) as a medium of refractive index 
(1+2¢/c*). 

If instead of Rosen’s particular comparison 
space we were to choose some other flat space, 
and arbitrarily assume again that the coefficients 
of the quadratic form shall remain unchanged by 
transformations between the two observers, we 
should of course derive different expressions for 
the gravitational potential and the ether drag 
coefficient. Since a change in the velocity of light 
is a question of fact rather than of mere con- 
venience, we cannot claim that the different 
assumptions are equivalent. From the general 
relativity point of view which we are here 
developing, the error is in assuming that the 
correct transformations will leave unchanged the 
coefficients in the flat quadratic forms. There is 
only one correct transformation, namely (33) 
and (34), whatever comparison space we choose ; 
and it is the coefficients of the flat quadratic 
forms which must change, not those of (32). 

Stated rather differently, the fundamental 
point at issue as between the present point of 
view and the flat point of view suggested by 
Rosen, is this; whether we accept as absolute 
constant the actual velocity of light at the point 
of interest, or whether only its value at some 
arbitrarily assigned point—say at infinity—is to 
remain constant during transformations at the 
point of interest ; whether the actual transforma- 
tion between two observers at a given point is 
determined by conditions at the point or by 
conditions at infinity, or some other arbitrarily 
chosen point. 


BAND 


ISOTROPIC COMPARISON SPACES 
Let us introduce a comparison metric 
da* = Yydx*dx' (40) 


in the same coordinates as the Riemannian 
space, where now however the tensor y,, does 
not satisfy the conditions for flatness. Also write 
a . . . . aed 
A, for the linear connection or Christoffel 


symbols in the y’s; but do not require them to 
satisfy (16). Retain the notation 
a Qa a 
Ags = jer} ~ Ap (41) 
for the differences between the Christoffel sym- 
bols. Then it is easy to prove that when H,, is 
any tensor 


Bice: o * Flee. c ~Bigstlan~licellon, (42) 


where again ; ¢ means intrinsic g differentiation, 
and , o means intrinsic y differentiation. In par- 
ticular 

Ai = 32°" (Sua.r + Sra, u— Sur, a) (43) 
and in general, as in Rosen’s work, y differenti- 
ation can be. substituted for ordinary differen- 
tiation, and ed for ‘et in any first-order dif- 
ferential tensor equation originally expressed in 
terms of the Riemannian space. The flatness of 
the comparison metric is not a condition for this 
result. Proceeding to second-order differential 
equations, we find that the difference between the 
two expressions is given by the above substitu- 
tion. Thus if R,, and P,, are the contracted 
Riemann-Christoffel tensors in the original and 
comparison spaces, respectively, their difference 


is given simply by 
a a a 8 a 8 
Pes — Pos = Dau, "hee Bs, at Ap Aa - AasA, . (44) 


This is a direct corollary of a theorem given by 
Levi-Civita."! 

Referring now to Rosen’s first paper,'! we may 
write in place of his Eq. (3) the corresponding 
relation in a de Sitter type of world™ 


Gu = Rye — 38,2(R—22). (45) 


If for the comparison metric we adopt the de 
Sitter metric for an empty world, the correspond- 
ing expression in this space is zero. Hence, Gy, is 
" T. Levi-Civita, Absolute Differential Calculus (Blackie, 
1927), Chapter 8, §3. 
2% A. S. Eddington, Mathematical Theory of Relativity 
(Cambridge, 1924), Chapter 4, §54 (54-71). 
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also the difference between the corresponding 
quantities, and the substitutions used by Rosen 
in his §3 Eq. (11) can be carried over into the 
present argument. The introduction of the de 
Sitter comparison space instead of a flat space 
makes no essential difference to the argument. 

We can also prove that, instead of (43), we 
could write 


Aw = 37 (Yuna: et Yea: u— Yu; «) (46) 


and in consequence obtain in place of (44) the 
alternative form 


a a a 8 a 8 
Ry — Pav = Day; v — Apo: a — Apher t+ AapAye- (47 ) 
Adding (44) and (47) we obtain 


a 


| a | || ae ay ey he (48) 


This can be expressed approximately in terms of 
the differences between the two metric tensors. 
Thus if we write 

hip» = Luv — Yurs (49) 


we can express (43) and (46) in the forms 


o 
Ayo = 32°" (Mya, ot hve, yu — My», a) 
= by (lpa:vthva:p—lyw:a). (50) 
Using the first of these in the g derivatives and 
the second in the y derivatives in (48), we are 
led to an expression which, on neglect of products 
of h terms, becomes approximately 


Ri — Pa» 


= (= + Fup 
Ox" Ox” 


Oly» 


Ohya ) - 
— - . (51) 
Ox*dx® ax’dx* ax*dax® 
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At this point we connect with the reasoning 
given by Eddington, reference (11) §46. Our Eq. 
(51) is essentially the analogue of Eddington’s 
(46-3) which refers to a space which is flat when 
empty. Our h,, are thus equivalent with his g,, 
and the differences a — P,, take the place of the 
contracted R—C tensor in Eddington’s equation. 
Following his argument, we therefore find that 
the differences are given by the density of a 
continuous distribution of matter. 

In general we may summarize this reasoning 
by asserting that we may choose any kind of 
space whatever for comparison with the actual 
space. In particular, we have chosen to compare 
actual space regarded as containing a static dis- 
tribution of matter with an ideally empty iso- 
tropic space of the de Sitter variety; we have 
found that the distribution and laws of motion 
of matter can be expressed in terms of the 
differences between the two spaces. In a similar 
manner, we might choose to compare an actual 
space containing an admittedly non-static dis- 
tribution of matter with an ideal space containing 
the same mean density of matter in a static 
distribution. Different comparisons may be con- 
venient for different purposes, and the tensor 
analysis is capable of handling any of them. 
Merely because in this way we achieve some kind 
of formal simplification of the analysis is not a 
valid reason for regarding any one comparison 
space as in any sense “‘actual’”’; they are essen- 
tially ideal, and are introduced merely to bring 
out the non-ideal characteristics of the actual 
space. 
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Total Secondary Electron Emission from Thin Films of Sodium on Tungsten* 


KENNETH G. McKayt 
George Eastman Laboratories of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 
(Received April 6, 1942) 


The secondary emission yield has been determined for thin films of sodium on a polycrystal- 
line tungsten base and compared with that obtained for a clean tungsten target over a range 
of primary electron energies of 100 to 1200 volts. The secondary emission yield showed a 
systematic increase as the work function of the surface was decreased by the addition of sodium. 
Measurements made as sodium was being evaporated off the tungsten showed that at no time 
did the secondary emission yield fall below that of clean tungsten. The work function was . 
increased by forming an air film on a clean tungsten surface and the secondary emission was 
shown to decrease. This variation of secondary emission is in agreement with that found by 


other experimenters and predicted theoretically. 


INTRODUCTION pressure that it can be distilled to ensure its 


R a complete understanding of the phe-  PUTLY. 


nomenon of secondary emission, several vital 
experimental facts must be determined definitely. 


METHOD AND APPARATUS 























. Since the results of this work depend largely 
One of these is the dependence of secondary ee No by 
- . ... on the use of pure gas-free sodium, much care ‘ 
emission on the work function of the emitting ae . . : til 
: . was taken in its preparation. Chemically pure 
surface. Experimental evidence has been pro- ‘ : ae : CRE a gl 
. 2s . sodium was twice distilled in a Pyrex still® under 8 
duced to show that there is a definite systematic : a H sO 
: ei a residual gas pressure of less than 10~® mm Hg. 
relation between secondary emission and work , aah 3 cr 
son!—4 . ae : ee A sealed-off pellet of sodium was then placed in 
function’ while conflicting evidence® indicates ; . : th 
. . . amee the side arm assembly of the main tube (see 
no such relation. The present investigation was Fie. 1). This arrangement, based on experiments we 
. : : “ig. 1). This arrangement, base “xpe nts pe 
undertaken to deal with this problem, with good . rl 
vacuum technique and well outgassed constitu- th 
ents so that the surface conditions could be | T; 
carefully controlled. The base metal of the target a aees th 
had to be such that it could be thoroughly ie wi 
cleaned and outgassed before applying a thin _ H th 
. . . a > 
film of the impurity metal. For that reason, a | Pr 
flat ribbon tungsten was used. This could be rr < eff 
heated electrically to sufficiently high tempera- saae 
tures to outgas it and to ensure that no con- th 
taminating film of any gas remained on the - 
surface. Sodium was used as the impurity metal fel 
because (1) it has a much lower work function _ 
than tungsten so that large changes in work ah 
function could be obtained; (2) it has the lowest ob 
atomic number of any metal suitable for such a | = 
purpose; (3) sodium has sufficiently high vapor thi 
* Complete thesis on file at M.I.T. library. des 
t Now with the National Research Council, Ottawa. Fic. 1. Side arm assembly for the final — 
'L. Treloar, Proc. Roy. Soc. 49, 392 (1937). distillation of sodium 5 
2 . . >) all = © ° é 
J. H. de Boer and H. Bruining, Physica 6, 941 (1939). (19 


* A. E. Hastings, Phys. Rev. 57, 695 (1940). 
*P. L. Copeland, Phys. Rev. 58, 604 (1940). 
*E. A. Coomes, Phys. Rev. 55, 6 (1939). 


1938), p. 535. 
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Fic. 2. Measuring circuit 
and schematic diagram of the 
essential members of the main 
tube. 


by Cashman,’ allowed the sodium to be redis- 
tilled in the final tube without contacting the 
glass envelope. After the pellet was broken, the 
sodium was warmed up until it ran down into 
crucible C. With transport 7; out of the way, 
the outer layers of sodium, which might be gassy, 
were evaporated on to the walls of bulb By. 
This coating acted as a getter. The sodium in 
the crucible was then evaporated on to transport 
T, which was then moved into bulb Bo. Similarly 
the sodium was evaporated on to transport 7» 
which could be moved into the main tube and 
the sodium evaporated off it on to the target. 
Preliminary experiments were made to test the 
efficacy of this treatment. The photoelectric 
current, arising from a beam of light focused on 
the target, was observed as sodium was deposited 
on it. This current rose to a maximum and then 
fell off as the thickness of the sodium layer was 
increased. The target was then heated so as to 
evaporate off the sodium. The current maximum 
obtained here agreed within about 7 percent 
with that previously obtained. A discussion of 
this test was given by Becker.® 

The final tube was similar to those previously 
described®*® (see Fig. 2). A magnetically focused 


( M.* J. Cashman and W. S. Huxford, Phys. Rev. 48, 734 
1935). 

’ J. A. Becker, Trans. Faraday Soc. 28, 155 (1932). 

* H. Bruining and J. H. de Boer, Physica 5, 17 (1938). 
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electron gun was used to obtain a better focused 
beam for low energy electrons than could be 
obtained with electrostatic focusing. This allowed 
fewer metal parts to be used in the gun assembly, 
resulting in greater ease of outgassing. Since 
oxide coated cathodes seldom can be outgassed 
properly, the gun filament was constructed from 
a flat tungsten ribbon. The potential drop across 
the emitting portion was comparable with the 
mean thermionic energy of the electrons after 
being emitted from the cathode. Beam currents 
of about 2 microamperes were obtained at a gun 
filament temperature of only 1600°K. This pro- 
duced no measurable photoelectric current from 
the target even at optimum sodium coverage. 
Good beam focusing was obtained throughout 
the primary voltage range of 75 to 1500 volts, 
the spot size never exceeding 1 mm in diameter 
as observed visually on a willemite screen. Tests 
showed that the stray electron current 3 mm 
away from the center of the beam was less than 
0.1 percent of the focused beam current. 

On leaving the gun, the beam passed through 
a diaphragm, a hole in the cylindrical collector, 
and struck the target. These parts were carefully 
oriented so that the primary beam could not 
“see” the collector or a small heater filament 
placed inside the collector to evaporate sodium 
off transport 7, on to the target. 

The outgassing schedules and general vacuum 








710 KENNETH 


G. McKAY 








w 


Yr 


(A) 


§ 











° 


SE YIELD 




















0 250 500 


PRIMARY VOLTAGE 


750 1000 1250 


VOLTS 


Fic. 3. Experimentally determined secondary emission characteristic of clean tungsten. Curve (C) Coomes; curve (4) 


Ahearn. ©, 260 hours aging of target; ©, 300 hours aging of target; A, 


Tube No. 7241. 


technique employed have been previously de- 
scribed by Nottingham.'® The only materials 
used in the tube were tungsten, pre-outgassed 
tantalum, sodium, iron, and Ba-Al getter pellets. 
Wherever iron was employed for its magnetic 
properties, it was enclosed in an evacuated glass 
envelope. Great care was taken to outgas the 
tungsten filaments, in particular the target fila- 
ment. The latter was first flashed at 2700°K for 
one minute to ensure the production of a poly- 
crystalline surface. Microphotographs of the 
surface showed that the average diameter of the 
crystalloids formed was about 2 microns. The 
outgassing schedule consisted of short flashes at 
2700°K followed by prolonged heating at 1800°K. 
This was continued for 250 hours after which 
time no changes greater than the experimental 
error of 1 percent in thermionic emission at 
1200°K, or in secondary emission at room tem- 
perature, from the target were observed. These 
tests formed very sensitive indicators of the 
vacuum conditions in the tube. These readings 


10W. B. Nottingham, J. App. Phys. 8, 762 (1937). 


equilibrium after re-evacuation of tube. 


could be reproduced twenty-four hours later 
within 1 percent. It was estimated that the 
pressure in the tube was of the order of 107 
mm Hg. All measurements were made with the 
tube sealed off and gettered. 

The measuring circuit is shown in Fig. 
The accelerating voltage E, was obtained from a 
regulated power supply. Thermionic measure- 
ments on the target were made with a d.c. 
supply, the current through the filament being 
measured by a potentiometer. The current 
supplying the 500-watt projection lamp used as 
a source for photoelectric measurements was 
kept constant similarly. 


2. 


CONTROL MEASUREMENTS AND RESULTS 


It was most important that the effects due to 
stray electrons be determined completely or 
otherwise the results might have been quite 
misleading. Careful tube construction reduced 
these effects but could not entirely eliminate 
them. Hence an extensive investigation of the 
electrical characteristics of the tube was under- 
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Fic. 4. Secondary emission characteristic of tungsten covered with thin films of sodium. 


taken. Secondary emission yield curves were 
taken as a function of the potential of: (1) gun 
grid G, (2) gun anode A, (3) diaphragm D, 
(4) target F, (5) heater filament H3, all with 
respect to the collector C. The effect of the 
position of the focusing magnet and slight de- 
focusing of the beam was also studied. The final 
measurements of secondary emission were taken 
with the gun anode at +20 volts, the diaphragm 
at +10 volts, the filament at — 20 volts, all with 
respect to the collector, and the heater filament 
connected to the collector. It appeared that these 
values were the best to reduce extraneous effects 
to a minimum. The above-mentioned set of 
measurements indicated that the absolute value 
of the results here presented for the secondary 
emission from clean tungsten was not in error 





by more than 6 percent. Individual measure- 
ments could be reproduced to within 1 percent. 
Figure 3 shows the curve obtained for the 
secondary yield from clean tungsten as compared 
with previously published results. Figure 4 gives 
the curves obtained by the addition of an im- 
purity to the surface. Curve 2 was obtained when 
air accidentally was liberated in the tube at a 
pressure of about 10-* mm Hg. There was no 
sodium in the tube at that time. The increase in 
work function was measured thermionically. 
The tube was re-evacuated and, after 
ageing the target, the results previously obtained 


again 


for a clean tungsten target were reproduced 
within 1 percent. Curves 3-7 (Fig. 4) were ob- 
tained by depositing sodium on the filament as 
described 


above. The work function of the 
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Fic. 5. Secondary emission characteristic of clean tungsten; comparison of theoretical and experimental curves. 


Curve 1, experimental—McKay; 
theory—Wooldridge, 5. = 1.109. 


surface was measured by obtaining the photo- 
electric long wave limit by the use of calibrated 
Wratten filters. All secondary emission measure- 
ments were made with less than a monomolecular 
film of sodium on the surface. This was ensured 
by first depositing considerable sodium on to the 
target. Sodium was then evaporated off until the 
photoelectric current passed through a maximum 
and had begun to decrease. Bosworth" has shown 
that the minimum work function for sodium on 
tungsten occurs at a surface coverage of 75 
percent of that for a monomolecular film. 

To determine whether or not the secondary 
yield from sodium on tungsten ever falls below 
that for clean tungsten, the target, coated with 
sodium, was maintained at an elevated tempera- 
ture and the secondary yield was measured con- 
tinuously as sodium was being evaporated off the 
target. This was done for various primary volt- 
ages but at no time did the secondary yield fall 
below the value for clean tungsten. It was also 
shown that the secondary yield from clean 


" R. C. L. Bosworth, Proc. Roy. Soc. A162, 31 (1937). 


curve 2, experimental—Coomes; curve 3, theory—Wooldridge, 5..= 1.355; curve 4, 


tungsten is independent of the temperature of 
the target up to 1000°K. This limit was set by 
the increase of thermionic emission. 


DISCUSSION OF RESULTS 


It is interesting to compare these experimental 
results for clean tungsten with those obtained by 
the application of Wooldridge’s theory.” If we 
assume an atomic volume of 9.63 cm*/g atom,” 
a work function of 4.54 ev," and the height of 
the Fermi band of 8.0 ev,'® the secondary vield 
as a function of primary energy can be calculated 
provided that the height of the theoretical curve 
is adjusted to equal the maximum height ob- 
tained experimentally. Figure 5 shows these 
curves fitted to Coomes’ results’ and to those 
here obtained. In the latter case, the agreement 
is reasonably good. 

2D. E. Wooldridge, Phys. Rev. 56, 562 (1939). 

'3 Mott and Jones, Properties of Metals and Alloys (Oxtord 
University Press, 1936). 

4 W. B. Nottingham, Phys. Rev. 49, 78 (1936). 


% Hughes and Dubridge, Photoelectric Phenomena 
(McGraw-Hill, 1932), p. 76. 
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The experimental results with clean tungsten 
differ considerably from Coomes’ data. His yields 
were lower than any previously obtained. It is 
possible that his results could have been affected 
by the measurement of secondaries produced 
within the gun itself which would have the effect 
of apparently lowering the yield. 

The results obtained for sodium on tungsten 
also disagree with Coomes’ results which showed 
a lowering of the yield when the work function 
was reduced by the application of thorium on 
tungsten. However, they are in substantial agree- 
ment with work by Treloar,! deBoer and Bruin- 
ing,” and others.*'® The careful distillation of the 
sodium, the outgassing procedure employed, and 
the reproducibility of the results appear to pre- 
clude the influence of oxygen on these results. 


16 K, Sixtus, Ann. d. Physik 3, 1017 (1929). 
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Since the thickness of the sodium film was always 
less than a monomolecular layer, it is unlikely 
that absorption of electrons within the layer was 
appreciable. Thus we see that the secondary 
emission yield is not independent of the work 
function of the emitting surface but increases as 
the work function is decreased. This is in accord 
with Wooldridge’s theory.” 

I sincerely appreciate the many helpful sug- 
gestions given, and the continued interest shown, 
by Professor W. B. Nottingham, under whose 
direction this research was carried out. I am 
grateful to Dr. W. Painter of the RCA Manu- 
facturing Company for his suggestions regarding 
electron gun design, to the electronics group at 
M.I.T. with whom many enlightening discussions 
were held, and to Mr. Lawrence W. Ryan who 
ably performed the difficult glass-working opera- 
tions demanded in this research. 
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Classical four-dimensiona! relativity gives a most natural and harmonious interpretation of 
the three basic phenomena of nature: gravity, electricity, and the wave structure of matter, 
provided that the basic assumptions of the Einsteinian theory are modified in two respects: 
(1) the fundamental invariant of the action principle is chosen as a quadratic instead of a 
linear function of the curvature components; (2) the static equilibrium of the world is replaced 


by a dynamic equilibrium. Electricity comes out as a second-order resonance effect of the 


matter waves. The matter waves are gravitational waves but superposed not on an empty 


Euclidean space but on a space of high average curvature. 


1. INTRODUCTION 


HE belief in the fundamental unity of all 

nature is so deeply rooted that attempts to 
describe all natural phenomena from one unified 
basis occurred again and again throughout the 
history of physics. The great unification of 
geometry and physics by Einstein gave new 
impetus to such speculations. Various courses 
were open to generalize the original frame of 
relativity. The abandonment of the Riemannian 
line element in favor of a more general metrical 
structure by Weyl! and Eddington,’ the intro- 


1H. Weyl, Math. Zeits. 2, 384 (1918). 
2 A. S. Eddington, Proc. Roy. Soc. 99, 104 (1921). 


duction of “distance parallelism’’ by Einstein,* 
the change from a metrical to a projective plat- 
form by Veblen and Hoffmann,‘ the enlargement 
by a fifth dimension by Kaluza,‘ and the further 
development of that theory by Einstein and 
Bergmann® are some of the major landmarks in 
these efforts. The author’s own attempt,’ inaugu- 
rated about ten years ago, follows a somewhat 
different line. The frame of Riemannian geome- 

’ A. Einstein, Berl. Ber., pp. 217 and 224 (1928). 

*O. Veblen and B. Hoffmann, Phys. Rev. 36, 810 (1930), 

5 Th. Kaluza, Berl. Ber., p. 966 (1921); A. Einstein, 
Berl. Ber., p. 23 (1927). 

6 \. Einstein and P. Bergmann, Ann. of Math. 39, 683 


(1938). 
7C. Lanczos, Phys. Rev. 39, 716 (1932). 
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try is not sacrificed nor is the four-dimensional 
structure abandoned. The generalization consists 
in the choice of a new action principle which leads 
to field equations more general than the Ein- 
steinian gravitational equations. The new field 
equations are of fourth order in the g;,. However, 
applying the methods of Hamiltonian dynamics 
to the variation of the action principle, one can 
vary metrical tensor and matter tensor as inde- 
pendent variables and consider the resulting 
system of field equations as a coupled system of 
differential equations of second order for the 
twenty variables gi, and R;,.* These equations are 
analogous to the basic equations of elasticity and 
correspond to an elastic theory of the ether. 

The author could show in his previous publica- 
tion’ that the generalized action principle is in 
perfect harmony with the equations of electricity. 
The integration of the field equations for 
infinitesimal fields gives rise to a free vectorial 
function ¢; which has all the properties of the 
vector potential. This vectorial function can be 
introduced as an undetermined Lagrangean multi- 
plier, caused by the conservation laws of the 
matter tensor. The field equation for ¢; follows 
from the conservation laws and comes out as the 
nabla equation, in complete analogy to the field 
equation of the ordinary electromagnetic vector 
potential. The conservation law of the electric 
charge, expressed by the vanishing of the diver- 
gence of ¢;, can also be established. Finally, the 
dynamical interaction of charged particles can be 
deduced by an application of the action principle 
to the problem of motion. The resulting force is 
the electromotive force of Lorentz. 

Hence, in spite of the fact that the deductions 
are based on the symmetric gradient 


F’ i. = (06; / Ox.) + (0,/OX;) (1.1) 


rather than on the customary anti-symmetric 
gradient 
Fy. = (0; /Ox,) — (OG;./0x;), (1.2) 
the results are in agreement with the observable 
physical facts. The change of sign from plus to 
minus occurs in the ponderomotive force and that 
suffices to define the field strength according to 
(1.2) and deduce the Maxwellian equations. 
While the theory is thus able to yield the basic 
theoretical aspects of electricity, it contains one 


8 C, Lanczos, Zeits. f. Physik 96, 76 (1935). 
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fundamental difficulty which hampered all further 
progress up to recent times. As it was indicated in 
the closing chapter of the quoted paper,’ the 
theory cannot explain the existence of free 
electric charges as long as static conditions pre- 
vail. Indeed, let us consider an electric field with 
the electrostatic potential $4. According to the 
theory the gradient of $4 represents the three 
components 7;;0f the matter tensor and has to be 
interpreted as an energy flux. Such an energy flux 
must have a source. It requires the creation or 
destruction of matter which is in contradiction to 
the empirically well-established stability of the 
mass of electrically charged particles. 

Recent researches concerning the dynamical 
problem of a particle'® started the author on an 
entirely new track, furnishing him eventually 
with that new viewpoint which has to be added 
to the quadratic action principle before any 
further progress can be made. It is the dynamical 
viewpoint which replaces the essentially static 
considerations of the previous researches. The 
new departure reveals that the problem of 
electricity cannot be separated from the problem 
of matter waves since electricity is an accom- 
panying second-order effect of the matter waves. 
The consistent pursuance of the dynamical view- 
point leads to such interesting results that a short 
non-technical draft of the new theory, without 
extended mathematical computations, seems to 
be justified. 


2. THE QUADRATIC ACTION PRINCIPLE 


If the Lagrangean function of the universal 
action principle shall be quadratic in the curva- 
ture components, there seems to be an abundance 
of five fundamental invariants. However, two of 
these invariants are inactive as far as variation 
goes while the remaining three invariants are 
reducible to but two on account of an algebraic 
identity which exists between them. These rela- 
tions between the basic invariants were estab- 
lished by the author," not knowing that they 
were deduced before by Weitzenboeck,” Bach," 
and Juettner." 





* Cf. reference 7, p. 735. 

10C, Lanczos, Phys. Rev. 59, 813 (1941). 

11 C, Lanczos, Ann. of Math. 39, 842 (1938). 

122 R. Weitzenboeck, Wien. Ber. 129, 683 (1920). 

13 R, Bach, Math. Zeits. 9, 110 (1921). 

4F, Juettner, Math. Ann. 87, 270 (1922); cf. reference 
17, footnote 1. 














m«¢ 
po 
thi 
if 1 
str 
see 
the 
the 











MATTER WAVES 


The two remaining invariants can be combined 


by an @ priori undetermined numerical factor c 


and thus the Lagrangean function of the funda- 
mental action integral becomes : 


L=RapgR*®+cR°. (2.1) 


The previous investigation left c an undetermined 
number since there seemed to be no logical reason 
why one particular value of c should be preferred. 
This distressing uncertainty can now be removed 
and the action principle of the world uniquely 
determined. There is actually one special value of 
c which is distinguished by particularly desirable 
properties. 

We introduce a new tensor S; defined as 
follows 

Six = Ru—j«Regix (2.2) 

with the undetermined numerical factor x. The 
Lagrangean function (2.1) can now be united into 
the single expression 


L=SapS”, (2.3) 

provided that the following condition holds: 
xk(2—«x)+4c=0. (2.4) 
To any given c= — } acorresponding real « can be 


found. 
Since the action integral is quadratic in the Sx, 
the solution 


on 


Sinx=O0 (2.5) 


is obviously a possible solution of the field equa- 
tions. This solution is the most stable of all 
possible solutions since it minimizes the action 
integral to zero. It is reasonable to assume that 
this particularly stable solution of the field equa- 
tions will correspond to the average metrical 
structure of the world on which the fields of the 
material particles are superposed as small per- 
turbations. This metrical field is obviously of 
decisive importance for all phenomena of physics. 
Ordinarily we identify it with the Euclidean 
metrics but this would not serve our present pur- 
poses. It is desirable to have a specific name for 
the metrical background of the world as it exists 
if the central fields of the individual particles are 
stripped away; the name “metrical plateau” 
seems to be appropriate and will be adopted for 
the present paper. The metrical plateau contains 
the bulk of the geometry of nature; the fields of 
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the individual particles are merely small pertur- 
bations of the basic plateau. 

The condition (2.5) vields the following field 
equations : 


Ry — «Rey =0. 2.6) 
Contraction gives 
(1—«)R=0. (2.7) 
Now if « is different from 1, we get at once 


R=0 (2.8) 
and (2.6) vields 
(2.9) 


Rx =0. 


Since the field equations Ry,=0, if singularities 
are excluded, do not go beyond the Euclidean 
metrics, the metrical plateau of the world would 
cofne out as the customary Euclidean space of 
special relativity. But then the theory would not 
contain anything that could possibly lead to a 
reasonable explanation of the atomistic structure 
of matter, in want of a universal constant of 
atomistic dimensions. Consider, however, the 
exceptional value 

(2.10) 


a= |, 


The vanishing of R is now avoided. With this 
value of «x the constant c becomes 


c=—}. (2.11) 
The definition of Sy. is now: 


Six = Ric — } Re ix. (2.12) 


This Sx was once suggested by Einstein'® as a 
possible substitute for the matter tensor 7. It 
is an under-determined quantity, leaving the 
scalar curvature R arbitrary. The purpose of this 
under-determination was to provide gravitational 
forces which could counteract the electrostatic 
forces of an electron and thus keep the electron 
from exploding. However, this under-determi- 
nation leads to unacceptable results. 

The present theory does not lead to any under- 
determination, not even for the value (2.11) of 
the constant c. The field equations yield for the 
scalar R the exact equation 


(1+3c)AR=0, (2.13) 


where A is the invariant four-dimensional 
Laplacean operator. The critical value of c which 


16 \, Einstein, Berl. Ber., p. 349 (1919). 
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leads to the loss of one equation is thus — 4 and 
not —}. The choice (2.11) preserves the field 
Eq. (2.13), and we can put 

R=const.=4A (2.14) 


as the only reasonable solution of that equation. 
The field Eqs. (2.6) now become: 


Ri =diz, (2.15) 


which are Einstein’s cosmological equations. The 
constant A is an arbitrary constant of integration. 
The A term is of an entirely decisive importance 
because, as the following chapter will show, d is a 
microscopic and not a macroscopic constant, 
establishing a universal gauge of atomic dimen- 
sions in the world. 
In order to remove the degeneracy of the 
Eq. (2.12), we can put 
k=1—e (2.16) 


and consider ¢ as an exceedingly small number. 
We now have 
Siu = Rie— Aint Agix (2.17) 


and the basic metrical plateau is no longer 
characterized by the equations S;,=0, but by the 
“cosmological equations” 


Six = EALix, (2.18) 


where ed is of cosmological smallness. 


3. FOURIER ANALYSIS OF THE RIPPLED 
METRICAL PLATEAU 


We assume that the basic metrical plateau on 
which the fields of the individual particles are 
erected is not the smooth Euclidean space of four 
dimensions with which special relativity operates 
but a space rippled by a diffuse cosmic radiation 
which fills out the entire four-dimensional space- 
time manifold. Although we know that our space 
is probably of a closed spherical structure, we 
replace that sphere for the purpose of the mathe- 
matical analysis by a huge box of cubic shape. 
We assume that the gx of this world are nearly 
Euclidean so that we may put 


Lic =Ounteviz, (3.1) 


where ¢ is an infinitesimal expansion parameter. 
The quantities yx are of an oscillatory nature on 
account of the radiation which fills the space. We 
apply a Fourier analysis to the yi, expanding 
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them into an infinite Fourier series with a basic 
wave-length which is extremely large. The terms 
of the Fourier analysis have constant amplitudes. 
The Fourier analysis is of the following form: 


+a 
ye= > Au?” 
vies P4 
—D 


Xexp [i(vix+tveyt+tvsst+yryct) ]. (3.2) 


We now examine the expression of the Ein- 
steinian curvature tensor Rj. We notice that the 
terms of this tensor can be split into two parts. 
The part R’,. is formed of partial derivatives, 
while the part R”;, cannot be transformed into 
partial derivatives. Assuming that our reference 
system is normalized by the customary condition : 


dgigi*/giax,. =0, (3.3) 


we obtain the following expression for R” x, neg- 
lecting quantities of higher than second order 
which are irrelevant for our present purpose: 


1/97Vap O¥as 1 Oy OY 
2 Ax; Ox; 


Ox; OX) 


1/0yis Oye 1 OVE OY 
( = ed ~). (3.4) 


2\ OX%e Oe 2 OXe Qa 


These terms give rise to a phenomenon that 
Schroedinger called ‘‘resonance catastrophe.” 
The terms of R’ are obtained by differentiation 
and thus can give nothing but strictly periodic 
contributions; a constant term could arise only 
if the function to be differentiated were a linear 
function of ¢ or the other coordinates which 
contradicts the boundary conditions in infinity. 
The terms of R”;., however, lead to constant 
terms, in addition to the periodic terms. Each 
frequency of the Fourier spectrum (3.2) is in 
resonance with itself and produces a constant 
term. Although these constants are individually 
small, yet in view of the extended nature of the 
Fourier spectrum and the very high frequency of 
the peak of the radiation (the realm of cosmic-ray 
frequency) these constants sum up to excessivel) 
high values, in spite of the smallness of e. 

These constants in the Fourier sum of Rx can- 
not be compensated. They remain as unsaturated 
terms and the ‘resonance catastrophe’’ would 
occur if the metrical plateau had to satisfy the 
field equations R;,=0. We have to abandon these 
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field equations in favor of a more general possi- 
bility which avoids the difficulty of resonance 
terms. 

Since each component of the tensor Rx yields 
a constant as the average value of that compo- 
nent, a constant tensor px is generated, charac- 
terizing the average curvature of the basic 
metrical plateau. The principal axes of this tensor 
designate a distinguished reference system of the 
space-time manifold. If, however, the cosmic 
radiation is evenly distributed over all directions 
of the four-dimensional world, then the tensor 
ellipsoid of that constant tensor degenerates into 
a sphere and the principal axes become unde- 
termined. In that case the tensor p;, must get the 


form: 
Pik =DAbx. (3.5) 


This, however, is exactly the condition that the 
constant tensor px has to fulfill if the field 
equations R;y,=0 are modified to the ‘‘cos- 
mological equations” 


Ri = ix. (3.6) 


We thus return to our Eq. (2.15) obtained before 
by integrating the field equations. 

In view of the dynamical equilibrium of the 
world the cosmological Eqs. (3.6) obtain an 
entirely new significance. Originally these equa- 
tions were introduced by Einstein in order to 
describe the cosmological behavior of the world 
at large. The \ term is an excessively small cor- 
rection term since \ is inversely proportional to 
the square of the average curvature radius of the 
world. The cosmological term can have no in- 
fluence on the microscopic structure of matter. 
Its function is merely to regulate the metrical 
behavior of the world in astronomical dimensions. 
In the present theory the \ term is excessively 
large. The constant d is inversely proportional to 
the square of a length of nuclear dimensions. We 
get the apparently paradoxical result that a 
statistically Euclidean rippled world whose metric 
is nearly constant, may nevertheless generate an 
exceedingly strong average curvature. The change 
from statical to dynamical relativity spans the 
tremendous gap between atomistic and cosmic 
dimensions. In the static consideration a high 
average curvature would either mean that the 
world shrinks to nuclear dimensions, or that the 
curvature radius of the world explodes with a 


\ND ELECTRICITY 
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— 
~~ 


terrific speed. The tremendous pressure created 
by the cosmological term must lead to an ex- 
plosion of the world. In the dynamical con- 
sideration that tremendous pressure is evenly 
distributed over a great many vibrations, each 
one Carrying a very small amount of the burden. 
The situation is comparable to the problem of the 
electron which should explode under the influence 
of the tremendous electrostatic repulsive forces. 
Here, too, if the force is considered as a dynamic 
and not a static phenomenon, the difficulty is at 
once removed, as the next paragraph will show. 

It is obvious that the rippled structure of the 
metrical plateau must lead to observable phys- 
ical phenomena. Dynamically these fields will not 
show up easily. They produce extremely high 
vibrations with extremely small amplitudes which 
cannot be observed directly, except if occasional 
phase relations produce a case of temporary 
resonance. And thus, the wavy, eternally oscil- 
lating metrical plateau must create statistical 
effects. It is responsible for the general “uncer- 
tainty’ and practical unpredictability of motion 
phenomena. Heisenberg’s uncertainty principle 
may become realistically interpretable in terms 
of the perpetual statistically distributed ripples 
of the metrical plateau which incessantly travel 
in every direction. Moreover, these vibrations are 
responsible for the metrical structure of the 
material particles. These particles are not the 
static solutions of an eigenvalue problem, growing 
out from a smooth background as small hills on a 
generally flat surface. The material particles are 
themselves formed of vibrations which are in 
dynamical equilibrium with the cosmic waves of 
the basic metrical plateau. The strange and ap- 
parently classically unexplainable wave me- 
chanical phenomena are interaction effects be- 
tween the metrical waves which emanate from 
the individual particles. The following mechanical 
analogy may illustrate the situation. If a car 
travels on a gravelled road, it cannot keep to a 
straight line exactly. It reaches its destination 
only because the dimensions of the car are large 
compared with the size of the gravel. If the size 
of the car shrinks to dimensions which are com- 
parable to the dimensions of the gravel, the car 
will reach its destination with large statistical 
fluctuations. If, in addition to that, the wheels of 
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a car were notched into a wavy profile and the 
rhythm of this wave were in resonance with the 
ripples on the road on which the car travels, the 
statistics which control the motion of this car 
would be necessarily of the nature of interference 
effects of products of wave functions, as it is the 
case in wave mechanical considerations. This 
crude picture is far from giving any explanation. 
Its purpose is not more than to show that the 
wave mechanical effects are not so puzzling any 
more if the metrical structure of the basic plateau 
on which the particles move has a dynamic 
instead of static character. 


4. ELECTRICITY AS A RESONANCE EFFECT OF 
MATTER WAVES 


We consider our action integral 
A = { SunSedr, (4.1) 


where dr is the four-dimensional volume element. 
The principle of least action requires that the 
variation of this integral shall vanish for arbi- 
trary variations of the gx. We are not interested 
at present in the exact derivation of the field 
equations. We want to investigate the infinitely 
weak fields only. For that purpose we temporarily 
separate the variation of the gx, and the variation 
of the Sy. We knqw that the variation of the Si, 
is reducible to the variation of the gi, by 
differentiation. But it is equally true that the 
variation of the gx is reducible to the variation of 
the Sx, by integration. Hence it is permissible to 
consider the variation of the Sx as the inde- 
pendent and the variation of the gi. as the de- 
pendent variables. But the terms which contain 
the 6g are of second order and are thus negli- 
gible for our present problem. 

The variation of the Sx is not a free variation 
because the tensor Sx, defined by (2.17), is sub- 
ject to the conservation law of momentum and 
energy. This law takes the form: 

agiSi« 
——— = — g)T ag'S%. (4.2) 
OXe 


If we consider this equation as an auxiliary con- 
dition of the variation, the application of the 
Lagrangean multiplier method gives a vectorial 
function ¢; as Lagrangean multiplier and we 
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obtain for infinitesimal S,, the field equation: 
Six —- (0d; Ox;) + (dg) ‘Ox;) _— 27 x*ba- (4.3) 


This field equation is not restricted to infini- 
tesimal metrical fields gi. Its only restriction is 
that the matter tensor S;, shall be infinitesimal. It 
cannot be used in the central nuclear region of a 
particle but it gives the field of a particle in the 
peripherical regions where the tensor S, is 
sufficiently small. 

To show that the vectorial function ¢; has 
actually the properties of the ordinary vector 
potential, we at first notice that the definition 
(2.12) of the tensor S;, requires the vanishing of 
the scalar S which gives: 

dgips 
0, (4.4) 
OXa 


This equation expresses the conservation law of 
the electric charge. 

The conditioning differential equation for ¢; 
follows if the solution (4.3) is put back into the 
divergence Eq. (4.2). We obtain with sufficient 
accuracy : 


0°9; 
=—_— rag'S™. (4.5) 


OXe" 


This is the classical determining equation of the 
vector potential if the right side is interpreted as 
the four-dimensional ‘‘current vector.” 

We notice that ¢; comes out as an infinitesimal 
quantity of second order because both factors of 
the right side are infinitesimal. 

It is shown in analysis that a potential function 
cannot be determined uniquely if the conditioning 
differential equation is not known everywhere. 
The differential Eq. (4.5) does not hold in the 
central region of the particle and thus the Eq. 
(4.5), although it gives the right mathematical 
law for @¢;, does not suffice to determine it. 
Fortunately, this uncertainty afflicts only the 
possible dipoles and multipoles of ¢;. The 
‘“charge’’-part of the potential, which decreases 
with 1/r and which is the dominating and phys- 
ically decisive term, can be uniquely determined, in 
spite of the uncertainty of the central region. 

In order to understand the true significance of 
the vector potential and its main mathematical 
properties, let us examine the nature of the 
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conservation law (4.2) more closely. We encounter 
here once more a “resonance catastrophe”’ of a 
definite type. This time the difficulty does not 
arise from the fact that the left side of the equa- 
tion is a sum of derivatives while the right side is 
not. As it was shown by Einstein,'* the right side 
of the equation can be transformed into a sum of 
derivatives. However, let us apply the Gaussian 
integral transformation to both sides of the 
divergence equation. The surface integral ob- 
tained on the left side vanishes if S, is zero 
everywhere on the boundary. The right side, 
however, does not vanish, even if Sx is zero 
everywhere outside the particle. This shows that 
the field equation 

Si, =0 (4.6) 


for infinitesimal fields cannot be established 
without imposing a definite vectorial condition 
on the central part of the field. The physical 
interpretation of this situation is that although 
the matter tensor vanishes outside the particle, 
the momentum and energy flux through a closed 
surface surrounding the particle need not vanish. 
But then that flux has to be maintained and that 
is only possible if matter destroys itself or is 
created incessantly. We have here a similar 
resonance phenomenon as in the case of the 
plateau vibrations. Just as there a safety valve 
was provided by the cosmological term \g j., so in 
the new situation a similar safety valve is pro- 
vided by the Lagrangean multiplier ¢;. This 
shows that the vector potential ¢; plays the same 
role for the matter waves that the cosmological 
constant A plays for the plateau waves. In both 
cases a resonance catastrophe has to be avoided. 
Since the resonance is a second-order effect, we 
understand why electricity appears as a second- 
order surplus effect of the matter waves. The flux 
of the electrostatic field balances the gravitational 


flux of the matter waves. If this “pre-established 


harmony” between matter waves and electricity 
seems rather astonishing, one can explain it as 
a logical consequence of the nature of the vector 
potential as a Lagrangean multiplier. It is the 
avowed purpose of this multiplier to make the 
auxiliary condition of the matter tensor—and that 
is the conservation law of momentum and energy 

16 A, Einstein, Ann. d. Physik 49, 769 (1916); cf. Eq. 
(50), p. 806; for the contravariant components, cf. reference 
10, p. 817. 
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—possible and thus it is only natural that it is the 
function of the electric charge to provide an 
energy flux which compensates the permanent 
irradiation of the matter waves. 

Of particular interest is the electrostatic charge 
e which enters in the ‘‘scalar potential’’ $4. We 
obtain: 


Ods 1 (Oga8 
—4ne= [ yrdo= { Srdo = f — Sy, 
OXe 2 OX, (4.7 ) 


where dv is the three dimensional volume element. 
This volume integral can be transformed into a 
surface integral according to the fundamental 
theorem of Einstein'® that the gravitational mo- 
mentum and energy flux can be rigorously trans- 
formed into a surface integral. This shows that 
the electric charge can be computed by making 
use of a closed surface surrounding the particle a/ 
any arbitrary distance so that the behavior of the 
unknown central field does not influence the 
electric charge. 

The expression (4.7) shows directly that it is 
the oscillation of the metrical tensor gy which 
generates the electric charge. We notice, too, that 
a change of the sign of the time axis changes the 
charge from plus to minus, without changing its 
absolute value. Such a change in the direction of 
x,4=1ct means for the matter waves that outgoing 
waves are changed into incoming waves. The 
duplicity of positively and negatively charged 
particles finds thus its explanation by the fact 
that there is an equal chance for outgoing as for 
incoming waves. Notice that this possibility is in 
no contradiction to the phenomena of the re- 
tarded potential which are always based on 
outgoing and not on incoming waves. The matter 
waves are eternal oscillations which have no 
beginning and no end and thus “‘outgoing’’ and 
“incoming”’ refers merely to a phase relation and 
not to something which comes in collision with 
our regular experiences as to the sequence of time 
events. 

One of the main riddles of electricity is the 
peculiar unsymmetry of the masses of electron 
and proton. Can the present theory give a 
satisfactory solution of this puzzle? The calcu- 
lations are not advanced yet to the point where 
this question can be answered. However, we have 
good reason to believe that the results will come 
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out satisfactorily. In the first place, the charge is 
a second-order effect, and so is the mass."? It 
seems possible that the charge shall have a linear 
influence on the mass. But apart from this, the 
present theory differs in one characteristic point 
from all previous attempts to apply relativity to 
the physical universe. We have called the tensor 
Sy the ‘matter tensor’ and we have interpreted 
the field equations 

Six,=0 (4.8) 


as “matter waves.’ These matter waves are 
gravitational waves but not of the ordinary type. 
If we consider the definition of the tensor Sy, and 
take in account that the field of a material 
particle is superposed on the cosmological Eqs. 
(2.15), we notice that the Sy tensor of a material 
particle has to be defined as the variation of the 
quantity (2.17), taken for an infinitesimal change 
5g, of the metrical tensor gj: 


Sin =bRi — rdgix-. (4.9) 


This is not the ordinary curvature tensor with 
which we operate when the Einsteinian field 
equations are applied to infinitesimal fields. The 
curvature tensor (4.9) is superposed on a field of 
high average curvature and not on a field of zero 
curvature. The difference amounts to the same as 
the difference between Dirac’s equation of the 
electron “‘with the mass term”’ and “without the 
mass term.” If the mass term is omitted, the field 
quantities satisfy the ordinary wave equation and 
the waves propagate with light velocity. If the 
mass term is present, the wave equation is 
enlarged by a fifth term and the phase velocity 
of the matter waves is no longer the light velocity. 
Similarly, the ordinary gravitational waves of the 
Einsteinian theory, superposed on a Euclidean 
space, propagate with light velocity. The new 
matter waves, however, characterized by the 
vanishing of the tensor (4.9), propagate with an 
entirely different phase velocity. The introduc- 
tion of a highly curved metrical plateau as the 
basic geometrical platform of the physical world 
removes the degeneracy of the Euclidean space 
and opens entirely new perspectives. The con- 
nection of the Eqs. (4.8) and (4.9) with the Dirac 
and possibly Schroedinger equations will be the 
subject of an independent investigation. 


'7C, Lanczos, Phys. Rev. 59, 708 (1941). 


LANCZOS 


5. CONCLUSIONS 


The general viewpoints of a new theory have 
been developed which attempts to explain the 
basic physical phenomena of the world in a most 
harmonious and organic fashion. Although the 
fundamental action principle is chosen on strictly 
logical grounds, without augmenting it by phe- 
nomenological elements, yet the basic phenomena 
of electricity, matter waves, and gravity are 
derivable from it as necessary mathematical con- 
sequences. In addition to the quadratic action 
principle, an essentially new element enters the 
theory : the dynamical aspect. The metrical back- 
ground of the world is not smooth but rippled by 
an extended spectrum of permanent vibrations. 
These vibrations, although observable only by 
their statistical effects and giving the source of 
the general uncertainty principle which prevails 
in nature, create a strong average curvature upon 
which the fields of the individual particles are 
erected. The matter waves associated with the 
particles are metrical waves which differ from the 
ordinary ‘gravitational waves by the fact that 
they are metrical deformations of a strongly 
curved world and not of a flat world. This ex- 
plains the abnormal phase velocity of these waves 
which differs widely from light velocity. Elec- 
tricity is an accompanying resonance effect of 
the matter waves, necessary to maintain the 
undamped matter waves without energy losses. 
Although electricity is a second-order effect, yet 
for our world of observations it is by far more 
decisive than all other effects because it is static 
(in a proper reference system) while the waves 
of the basic metrical platform and also the matter 
waves of particles represent eternal oscillations 
of very high frequencies. 

The theory presented here is far from being 
complete. It is not more than the first step 
toward a new land. But the author who has 
grappled with these ideas for ten years, groping 
in the dark and unable to solve the puzzle of the 
electric charge, until suddenly the dynamical 
aspect arrived, illuminating the entire scenery 
and melting away all difficulties—cannot doubt 
that here are the outlines of a theory which will 
be destined to bring the three basic phenomena of 
nature: gravity, electricity, and the wave theory 
of matter, into one inseparable unity. 
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The Theory of Absolute Reaction Rates and the 
Conductivity of Hydrocarbons at High 
Field Strengths 


NORMAN DAVIDSON 
100 Riverside Drive, New York, New York 
April 28, 1942 


N a recent communication,' H. J. Plumley suggests that 

the currents observed when large electric fields are 

applied to liquid normal heptane are due to the ionization 
of the heptane molecules according to the equation: 


C7Hie>C;Hj,;+H* (solvated). (1) 


Every ion so created reaches the oppositely charged elec- 
trode without recombination or multiplication by collision. 
The slow step in the process is the ionization; in the pres- 
ence of a field, favorably oriented molecules are more 
readily dissociated; on the basis of these assumptions, 
Plumley calculated the dependence of current on voltage 
and obtained fair agreement. _, 

On the basis of these same assumptions and the theory 
of the absolute rate of reactions, it is possible to relate the 
energy of activation for reaction (1) to the observed 
current. The relevant equation is? 


m=kT/h exp (—AH/RT) exp (AS/R), 


where AH and AS are the heat and entropy of activation 
for the reaction (1). The rate constant m is calculated from 
the extrapolated value of the current at zero field strength, 
which from Plumley’s data is about 10-" amp./cm?/cm 
at 20°C, and the density of normal heptane. The entropy 
of activation may be neglected. (The necessity for favor- 
able orientation with respect to the field is counterbalanced 
by the large number of hydrogen atoms available for dis- 
sociation. The activated complex would have a greater 
rotational entropy than the normal molecule, but this 
could not affect the rate by more than a factor of 10* and 
hence would affect the calculated value of AH by less than 
5 kcal. The calculated value of AH is 38 kcal./mole; this 
represents the heat of activation for reaction (1) at zero 
field strength and hence is identical with the heat of 
ionization of liquid heptane. (The influence of a field of 
5X 105 volts/cm on the heat of activation is 8.4 kcal./mole 
at 20°C.) 

This result tends to discredit the theory that the con- 
ductivity of heptane is due to the field facilitated ioniza- 
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tion of heptane molecules. A reasonable estimate of the heat 
absorbed in the reaction CH,;~+CH;~ + H?* in aqueous solu- 
tion is 70 kcal.’ Since the heat of hydration of gaseous 
protons is about 250 kcal./mole, the heat of solvation in a 
solvent of dielectric constant 1.9 (heptane) is about 120 
keal.; therefore the heat of ionization of a hydrocarbon in 
heptane solution is of the order of magnitude of 200 keal. 
mole, rather than 38 keal., as demanded by the theory 
under discussion. 

A further discrepancy is noted if one considers the ob- 
served change in conductivity with temperature; from 20 
to —80°, the current decreases by a factor of 10°?-* (at 
5X 10° volts/cm, where the effect of ionic recombination 
is apparently negligible at — 80°) whereas the calculated 
ratio on the basis of an activation energy of 38 kcal. is 
10-1, 

Plumley briefly considers the possibility that the cur- 
rent is due to the ionization of an impurity dissolved in 
the heptane. It is perhaps worth pointing out that even 
for such a relatively easily ionizable substance as HCI, the 
heat absorbed in ionization in a hydrobarbon solvent is 
probably 120 kcal. or greater. 

I am indebted to Dr. Plumley for helpful private corre- 
spondence and to Dr. F. H. Westheimer of the University 
of Chicago, who pointed out to me the applicability of the 
theory of absolute reaction rates to this problem. 

'H. S. Plumley, Phys. Rev. 59, 200 (1941). 

? Glasstone, Laidler, and Eyring, The Theory of Rate Processe 


(McGraw-Hill, New York, 1941), p. 196. 
Baughan, Evans, and Polanyi, Trans. Faraday Soc. 37, 377 (1941 





Ultimate Resolving Power of the 
Electron Miscroscope 


L. I. Scnirr 


Randal Morgan Laboratory of Physi.s, University of Pennsylvania 
Philadelphia, Pennsylvania 


April 24, 1942 


HE recent attainment of resolving powers approach- 

ing 30A with the transmission type electron micro- 
scope! raises the question of the theoretical possibility of 
obtaining images of the arrangement of atoms within a 
molecule. We shall assume in this discussion that a suit- 
able object mounting and electron lenses of sufficiently 
high quality will ultimately be constructed, and consider 
only possible limitations on resolution due to diffraction 
and contrast. 

Calculation of the scattering of fast electrons by atoms 
shows that the angular divergence @ of the beam scat- 
tered elastically by a neutral atom of nuclear charge Ze 
is of order e?Z!/hvy, where v is the velocity of the elec- 
tron and y=(1—v*/c*)~4; the angular divergence of the 
inelastically scattered beam is usually somewhat smaller. 
Since this determines the maximum effective aperture of 
the objective lens, the best resolving power is roughly 
0.6/0 = 1.2xh/mvy0 ~4h?/me*Z', Adding to this the effec- 
tive atomic radius for strong scattering given by the 
Thomas-Fermi model: h?/me*Z!, one obtains a result that 
is independent of v and is of the order of } to 2A for most 
atoms. 

A more serious restriction results from the requirement 


. 
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that the image possess sufficient contrast to register on a 
photographic plate. For comparable intensities of elastic 
and inelastic scattering, the former will produce a stronger 
image than the latter, since it is coherent with the inci- 
dent beam and can interfere with it. If we assume unit 
magnification and unit incident intensity, the integrated 
intensity is found to be simply the elastic scattering 
cross section o-; with an image radius a, the contrast 
is approximately twice the forward scattered amplitude, 
or ~2(e-/ra*)'. Making use of 20,~22Z4/3(h/mv)? and 
a = 5h?/me?Z}, one finds the contrast becomes ~0.008Zc/v. 
Since this must be at least 10 percent, the minimum 
atomic number for 60-kev electrons is Z ~7; this is some- 
what smaller than the estimate recently obtained by 
Hillier® from a classical calculation. 

The contrast limitation disappears if dark-field illumi- 
nation is used. This can be obtained, for example, by 
forming an image of the electron source on the object, 
placing an annular aperture in the condenser lens, and 
adjusting the objective aperture so that the unscattered 
transmitted beam just fails to pass through it.‘ It would 
seem that in this case there is no simple limitation on 
resolving power. For suppose, as appears to be possible, 
that the electron source can be designed so that an electron 
from any part of the emitting surface could reach any part 
of the condenser aperture, thus making the whole con- 
denser beam coherent. With an object in place, the objec- 
tive aperture would then be illuminated about its edge by 
a coherently scattered beam, and this would give even 
greater resolution than could be obtained if the whole 
objective aperture were illuminated. Moreover, the prob- 
lems involved in overcoming aberrations in the objective 
and condenser lenses would be greatly simplified if only 
the edges of these lenses were used. 

The writer acknowledges with thanks several informa- 
tive conversations on the construction and operation of 
the electron microscope with Drs. J. Hillier, E. G. Ram- 
berg, and T. F. Anderson of the RCA Research Laboratory. 


1V. K, Zworykin, J. Hillier, and A. W. Vance, J. App. Phys. 12, 738 
(1941). 

2L. Marton and L. I. Schiff, J. App. Phys. 12, 759 (1941). 

3 J. Hillier, Phys. Rev. 60, 743 (1941). 


4M. von Ardenne, Elektronen-U bermikrosko pie (Springer, 1940), p. 37. 





The Observation of Crystalline Reflections 
in Electron Microscope Images 


JAMES HILLIER AND RICHARD F. BAKER 
RCA Manufacturing Company, Inc., Camden, New Jersey 
April 14, 1942 


ORRIES and Ruska! have shown that in the case of 

crystalline material the density of the electron- 
microscope image is not uniquely determined by the mass 
thickness of the specimen but is also dependent on the 
orientation of the crystals relative to the direction of the 
illuminating electron beam. This phenomenon was clearly 
demonstrated in micrographs of small single crystals of 
chromium smoke which could be made to appear either 
transparent or opaque by proper adjustment of the angle 
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Fic. 1. A “through 
the focus” sequence 
of electron § micro- 
graphs of AleO3;-H»O 
crystals demonstrat 
ing the reflection ot 
electrons from prop 
erly orientated crys- 
talline material. The 
bright regions repre- 
senting the _ inter- 
section of the re- 
flected beam with 
the imaged plane 
and the correspond 
ing anomalous dark 
ening of those areas 
of the crystals in 
which the reflections 
occurred are indi 
cated by the inked- 
in brackets. 





of incidence of the illuminating electron beam. Von 
Ardenne? extended the observations of this phenomenon 
to crystalline lamina which exhibited slight irregularities. 
In the latter case the electron image of the crystal con- 
tained dark bands, the position of which varied with the 
direction of the electron illumination. Von Ardenne stated 
that the dark bands could not be interpreted on the basis 
of mass-thickness variations in the crystalline lamina. 
Similar observations have been made in this laboratory 
on a variety of materials with the result that the phe- 
nomenon has been shown to be due to Bragg reflections 
from those crystalline planes which are properly orientated. 
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In the above-mentioned published work small limiting 
apertures were used in the objective (angular aperture of 
the order of 3X10 radian) and these prevented the 
reflected electrons from reaching the image. In the present 
work comparatively large limiting apertures have been 
used which has made possible the demonstration of the 
existence of a strongly reflected electron beam. Figure 1 
is a sequence of electron micrographs of AlxO;-H.O. The 
electron beam which illuminated the specimen had an 
angular aperture of 10~* radian and an energy of 78 kilo- 
volts. The maximum angular aperture of the objective 
system was 0.6 radian. The individual micrographs, a to e, 
of the sequence in Fig. 1 were obtained with the objective 
current set at values about that required for the best focus 
and are thus reproductions of the electron distribution, 
passing through those planes of the object space conjugate 
to the plane of the viewing screen. The micrographs are 
arranged a to e in order of increasing objective current, 
i.e., they correspond to planes of the object space situated 
successively closer to the objective lens. 

In those regions of the crystal lamina where the crystal 
planes have the proper orientation the electron beam ap- 
pears to be almost totally reflected. The dark and bright 
regions caused by this reflection are quite evident in the 
micrographs. Corresponding pairs can be identified by their 
similarity in shape and size. The dark region in the crystal 
and the corresponding bright region represent the position 
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of the intersection of the image-forming and reflected rays, 
respectively, with the plane imaged. Thus, the change in 
separation of the corresponding dark and bright regions 
in the successive images is a measure of the angle through 
which the incident beam is reflected. It should be pointed 
out that the lens aberrrations prevent the bright regions, 
due to the reflected rays, from coinciding with the corre- 
sponding dark areas when the instrument is in best focus. 

As a final check on the nature of the phenomenon the 
following experiment was carried out. A large crystal, 
which, viewed at the high magnification of the final image 
screen, gave a strong reflection, was identified on the inter- 
mediate image screen and the bright spot due to the same 
reflection observed. The objective lens current was then 
slowly reduced to zero. As this was done the bright spot 
was seen to move out from the crystal and the axis of the 
lens system until in the limit it took up a position on one 
ring of the diffraction pattern of the material. In the limit 
(objective lens current zero) the arrangement of the 
apparatus is the same as a diffraction camera (a small area 
of the specimen illuminated by a narrow pencil of electrons) 
so that a diffraction pattern of the specimen is visible and 
the final position of the bright spot can be identified. 

The authors wish to thank Dr. V. K. Zworykin for his 
many suggestions. 


1 B. von Borries and E. Ruska, Naturwiss. 28, 366-367 (1940 
2M. von Ardenne, Zeits. f. Physik 116, 736-738 (1940). 
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MINUTES OF THE MEETING OF THE NEW ENGLAND SECTION HELD AT WORCESTER, 
MASSACHUSETTS, MARCH 28, 1942 


HE second meeting of the New England Section for the season 1941-42 

was held at the Worcester Polytechnic Institute, Worcester, Massa- 
chusetts on March 28, 1942. Invited and contributed papers were given as 
listed below; abstracts of the contributed papers are appended. 


Invited Papers 


EpitH H. QuimBy, Memorial Hospital, New York City: 
Physical Methods of Dosage Determination in X-Ray 
Therapy. (30 minutes) 

JosepH C. Boyce, Massachusetts Institute of Technology: 
The Opportunities for the College Physics Department 
in the Present War. (30 minutes) 

Morton Mastius, Worcester Polytechnic Institute: Physics 
at Worcester Polytechnic Institute. 

RoBERT F. FIELD, General Radio Company: The Polariza- 
tion Parameters of Several Solid Dielectrics and Their 
Changes with Temperature and Composition. (For 
abstract, see Abstract 32, page 737.) 


Symposium on the Science Teachers’ Training 
Program 


ALBERT A. BENNETT, Brown University: The Relation of 
Mathematics Training to Physics Training. (30 minutes) 

KarL LarkK-Horovitz, Purdue University: Every New 
Science Teacher a Prospective Defense Training 
Teacher. (45 minutes) 


ABSTRACTS OF CONTRIBUTED PAPERS 


1. Ozone and Ultraviolet Light. ARTHUR W. EWELL,* 
Worcester Polytechnic Institute-—Rise in temperature in- 
creases the output of both ozone producing and ozone 
destroying radiation and increases the spontaneous de- 
ozonization—the net result being a decrease of about 
50 percent in the ozone concentration for a rise in tempera- 
ture from 7°C to 32°C. The ozone concentration produced 
by an ultraviolet high transmission lamp decreases with 
the relative humidity rather than the absolute humidity. 
For an increase from about 0 to 100 percent R. H., the 
ozone concentration decreases to one-fifth irrespective of 
the temperature in the range 7°C to 32°C. From whatever 
source, all ozone is identical and there is no detectable 
formation of monatomic oxygen. 


* Consultant, Westinghouse Electric and Manufacturing Company. 


2. The Physics of Driving an Automobile. C. R. Foun- 
TAIN, Amherst College—(Published in the American Jour- 
nal of Physics 10, 166 (1942).) 


3. The Sabattier Effect. Nora M. Monier, Smith 
College.—The recent publication' of a simple method for 
distinguishing between the external and internal photo- 


graphic latent image has brought the study of several 
problems within the abilities of the senior honors student, 
The Sabattier effect, i.e., the effect of a diffuse exposure 
upon a developed but not fixed image, has been studied. 
Strips of contact printing paper were exposed with a step 
wedge, developed in glycine and fixed as usual, to show 
the surface image; if after the first development a silver 
bleach of sulfuric acid and potassium dichromate was 
used, redevelopment and fixation show the internal image. 
A reflection densitometer with a photovoltaic cell was 
used to find densities. The effect of varying the diffuse 
second exposures after the first development was studied. 
Comparison of the characteristic curves for the external 
and internal images with the corresponding results after 
the diffuse exposure show an increase in density of the 
external image nearly proportional to the number of the 
unaffected grains, accompanied by destruction of the in- 
ternal image roughly proportional to its original density. 
A possible explanation on the Gurney-Mott? theory is 
suggested. 


1 Berg, Marriage, and Stevens, J. Opt. Soc. Am. 31, 385 (1941). 
2? Gurney and Mott, Proc. Roy. Soc. A164, 151 (1938). 


4. Edge Tones. ARTHUR TABER JONES, Smith College. 
Increase in width of the wedge makes the sound louder, 
and extends downward the frequency limit for audible 
sound. With small upward velocities of the air sheet no 
low frequency sound is heard. With a wide wedge and a 
sufficient upward velocity lower pitched sounds are heard, 
and if the velocity exceeds a certain minimum value the 
low frequency limit for audibility seems to be independent 
of the velocity. With a wide wedge and a considerable 
velocity the fall in pitch that occurs with increase in slit- 
wedge distance may extend over several octaves and be 
free from discontinuities. Throughout this region the rela- 
tion between frequency N and slit-wedge distance / is 
given approximately by Nh'!-“=const. By taking account 
of the Bernoulli increase in horizontal velocity in the con- 
striction between slit and wedge, it is possible to account 
qualitatively for the above facts and for various others 
without having recourse to the vortices that are usually 
regarded as of primary importance. 


5. Some Quasi-Hysteresis Cycles. HENRY A. PERKINS, 
Trinity College—It is possible to carry a bar of wrought 
iron through a variety of cycles like those described in an 
article in The Physical Review of December 1, 1941.! These 
cycles, plotted on a B—H diagram, make use of both slow 
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and abrupt magnetization and demagnetization combined 
with both making and breaking a current sent longi- 
tudinally through the magnetized bar. There are actually 
16 such cycles made by the various possible combinations 
and permutations of the different factors involved. Eight 
are narrow quadrilaterals with straight ends and curved 
sides, and eight are like an inclined figure 8 with straight 
ends. In all these cycles making or breaking the longi- 
tudinal current J results in a change of flux whose value 
and direction depends upon the manner of producing it. 


~I 
N~ 
ts 


Invariably J (make or break) causes an increase in a slowly 
built-up flux and a decrease of residual flux after slow 
demagnetization. On the other hand J (make or break) 
decreases flux that was built up abruptly and increases it 
after abrupt demagnetization. The conclusion is that slow 
changes of flux lag, as would be expected, behind the stable 
state, while abrupt changes invariably overshoot the stable 
condition, and more so in magnetizing the iron than in 
demagnetizing it. 


1H. H. Perkins and H. D. Doolittle, Phys. Rev. 60, 813 (1941). 
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MINUTES OF THE MEETING OF THE NEW YorRK STATE SECTION HELD AT WELLS COLLEGE 


AURORA, NEW YorK, APRIL 4, 1942 


HE Spring Meeting and Biennial Election 
of the New York State Section of the 

American Physical Society was held at Wells 
College, Aurora, New York, on Saturday, April 4, 
1942. An attendance of about 90 members and 
visitors was recorded. The following program of 
invited papers was presented: 

Address of Welcome. PRESIDENT WILLIAM E. Wo Lp, 
Wells College. 

Radioactive Tracers in Biological Research. LeRoy L. 
BARNES, Cornell University. 

Cosmic Rays. KENNETH I. GREISEN, Cornell University. 

Glass Light Filters. O. A. Gace, Corning Glass Works. 

Report of the A.P.T. Committee on the Teaching of 
Physics in Secondary Schools. H. A. SHERMAN, Manlius 
School. 

University Defense Training. R. C. Gipss, Cornell 
University. 

Physics and Chemistry in Crime Detection. H. W. 
RoGers, Colgate University. 


Following the meeting Professor Gaehr showed 


several interested teachers some of the demon- 
stration experiments in his laboratory. 
The following was the result of the election: 


Terms Expire 


Chairman, W.B.Rayton, Bausch and Lomb 
Optical Company 1944 
Vice Chairman, R.A. PATTERSON, Rensselaer 
Polytechnic Institute 1944 
Secretary, W. R. FREDERICKSON, Syracuse 
University 1944 
Treasurer, G.H. CAMERON, Hamilton College 1944 


Members of the Executive Committee, 
P. F. GAEurR, Wells College 1946 
H. P. GaGe, Corning Glass Works 1946 


The executive committee also includes three 
others whose terms expire in 1944: R. C. Gisss, 
Cornell University (ex-chairman); E. L. Man- 
NING, State Education Department; AND Mrs. M. 
COUTANT, Oneonta High School. 


P. R. GLEASON, Secretary 





Proceedings of the American Physical Society 


MINUTES OF THE MEETING OF THE SOUTHEASTERN SECTION HELD AT OXFORD, MISSISSIPPI, 
APRIL 10-11, 1942 


HE eighth annual meeting of the South- 

eastern Section of the American Physical 
Society was held at the University of Mississippi, 
Oxford, Mississippi, on Friday and Saturday, 
April 10-11, 1942. Approximately one hundred 
members and guests attended the meeting. Local 
arrangements were made by a committee headed 
by W. L. Kennon. 


The regular program consisted of twenty-two 
papers, abstracts for seventeen of which are 
appended hereto. Abstracts of other papers will be 
found in the August, 1942 issue of the American 
Journal of Physics. Other features of the program 
were a talk by J.C. Morris on ‘The Part of the 
Physicist in the Defense Program,” a conference 
of department heads on current problems, and a 
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general conference on defense courses. The Section 
also participated in the formal opening of the 
University of Mississippi Observatory, at which 
D. V. Guthrie spoke on ‘Celestial Laboratories.” 

At the business meeting the election of the 
following officers for the year 1942-43 was an- 
nounced: Chairman, W. L. KENNON; Vice Chair- 


ABSTR. 


1. Ultraviolet Absorption Spectra of Some Sugars. W. C. 
Boscu AND E. W. ANbDERSON,! Tulane University —The 
absorption spectra of aqueous solutions of ten monosac- 
charides and four disaccharides were studied in the region 
200 to 400 my. The monosaccharide group included aldo- 
pentose, methyl-pentose, aldo-hexose, and keto-hexose 
types. The data indicate that absorption is shown by 
some sugars in the region of 280 mu. As reported by other 
workers, sugars of the ketose type showed the most definite 
characteristic absorption. In general, the molecular ex- 
tinction coefficients of sugars are low, being well below 10, 
and this suggests the possibility that absorption shown 
may be due to impurities. There is some evidence, however, 
to indicate that for certain sugars the bands should be 
attributed to the sugars themselves. 


1 Now at Ohio State University. 


2. Photographic Effect of Zinc. Paut S. DELAUP AND 
QUINTIN HOLDEMAN, Southwestern Louisiana Institute.— 
The darkening of a photographic film caused by a zinc 
plate placed near the film was investigated. By performing 
the experiment in a mine far below ground it was shown 
that the effect was not due to cosmic rays as had been 
suggested by another investigator. It was also shown that 
the effect was not due to impact of slow speed positive or 
negative particles. 


3. The Infra-Red Absorption of Silver Cyanide. W. Davip 
STALLCUP AND DUDLEY WILLIAMS, University of Florida.— 
The spectrum of powdered AgCN has been studied in the 
region 2500-1800 cm™!. Intense absorption at 2178 cm™ 
is attributed to an oscillation involving the CN group. 
The CN frequency for AgCN is almost 100 cm™ higher 
than the CN frequencies of NaCN and KCN. 


4. Space Group and Lead Positions in Lead Gluconate. 
R. Pepinsky, Alabama Polytechnic Institute—Lead glu- 
conate, Pb(CsH::0;7)2, crystallizes from water in pseudo- 
hexagonal plates which show Laue symmetry D3a—3m. 
c and @ axis oscillations (15°) with CuXe radiation show a 
trigonal cell, with a=10.99A, c=47.18A. The density 
2.409 g/cc gives Z=11.99~12 molecules/cell. Indexed 
diagrams reveal: (0001) present only for 1=3m; all odd 
layer lines on a-axis oscillations very faint; strong inten- 
sities for every third spot along most c-axis row-lines (4 and 
k constant), weak third spots along remaining c-axis row- 
lines, with / indices of strong or weak spots varying with 
particular row-line. These variations can be accounted 
for only in space-group D;‘—C3,21 (or enantiamorphous 


PHYSICAL 


SOCIETY 


man, L. L. HENDREN; Secretary, E. Scott BARR; 
Treasurer, C. B. CRAWLEY; AND Member of the 
Executive Committee, A. W. Dicus. 

The invitation extended by the Alabama Poly- 
technic Institute to hold its next meeting at 
Auburn, Alabama, was accepted. 

E. Scott BARR, Secretary 


ACTS 


D;8— C3221), with lead atoms on a lattice of half the true 
a-periodicity. Positions for lead atoms in true cell, as deter- 
mined by intensity variations and symmetry, are: 

0, 0.2, 3; 0.3, 0.3, 0; 

0.5, 0.2, 2; 0.8, 0.3, 0: 

0,0.7,2; 0.3, 0.8, 0; 

0.7, 0.5, 3; 0.5, 0.7, 3; 0.8, 0.8, 0. 


Each lead is on a twofold axis, with its two gluconic residues 
extended above and below along the c direction, the dis- 
position of these residues necessitating the large cell. 
The material studied was furnished through the kindness 
of Dr. Horace S. Isbell of the National Bureau of Stand- 


ards. 


5. Thermal Diffusion Tube for Liquids. H. E. Carr, 
University of South Carolina.—A thermal diffusion tube 
has been constructed similar to that described by Korsching 
and Wirtz.! A rectangular groove, 1 meter long, 1.59 cm 
wide, and 0.023 cm deep, was milled down the middle of 
two brass strips, each 41 X 1} X 3s inches. These strips were 
clamped together, grooves facing, using No. 100 gauge 
Pliofilm as a gasket. Thus was formed a thin diffusion 
tube 1 meter long of rectangular cross section, 1.590.048 
cm, into which liquids were introduced. A piece of channel 
brass, 411} inches, was soldered to the back of each 
of the strips to serve as water jackets. By passing hot and 
cold water through these jackets the top side could be 
heated and the bottom cooled. 

With 0.75 molar solution of ZnSO,, tube slope of 53°, and 
temperature difference between strips of approximately 
55°C, the concentration at lower end was doubled in 1} 
hours. A 21-percent solution of sucrose increased to 26 
percent at lower end in 2} hours, using a temperature dif- 
ference of about 50°C and tube slope of 25°. Curves showing 
separation obtained as a function of time, concentration, 
and slope of tube will be given. 

1 Korsching and Wirtz, Naturwiss. 27, 367 (1939). 


6. An Interpretation of Wave Mechanics. N. Rosen, 
University of North Carolina.—lIf, in the Schrédinger wave 
equation for a single particle, the wave function y is 
written as Ae'*/h, where A and W are real functions, the 
equation splits up into two well-known equations.' One 
of them has the form of the equation of continuity for a 
fluid of density A? and velocity VW/m. The other has the 
form of the Hamilton-Jacobi partial differential equation 
for the function W, with the potential energy V replaced 
by V—(h?/2m)V?A/A, however. These equations suggest 





EE 





n 
al 
al 


of 


ti 


Ww 
to 
re 
in 


tre 


ibl 
He 
rac 
ter 


AR 
sat 
wil 
adi 
pre 
vaj 
Tre 


den 


R; 
‘he 


= 
' 


at 


‘ue 
er- 


2SS 


d- 


tR, 
be 
ng 
‘m 


re 
ge 
on 
48 
el 
ch 
nd 
be 


Ig 


N, 
ve 











AMERICAN 


that the Schrédinger equation should be interpreted as 
describing a statistical ensemble of identical particles (of 
density A*), each of which is moving along a definite path 
according to classical mechanics, its velocity being given 
by VW/m. The particles of this ensemble interact with 
one another, the interaction being described by the term 
—(h?/2m)V2A/A2 This interaction alters the motion of 
each particle. In this way one can account for the differ- 
ence between the predictions of wave mechanics and of 
classical mechanics without giving up the particle picture 
in the former. The extension of this interpretation to the 
wave equation for more than one particle is obvious. One 
can interpret the Klein-Gordon and the Dirac equation 
(in the iterated form) in the same way, but the interaction 
term is different for each equation. 


1 Madelung, Zeits. f. Physik 40, 322 (1927). 
? E. H. Kennard, Phys. Rev. 31, 876 (1928). 


7. Quantum Mechanical Systems with Generalized 
Hamiltonians. NATHAN ROSEN AND ARTHUR E. RUARK, 
University of North Carolina.—In classical mechanics! it is 
shown that a Lagrangian L(q, q, g, ---, g) for a system 
with one degree of freedom leads to the Hamilton equa- 
tions. Let us write g:, g2, ***, Gn for g, g, «++, g™, and let 


pi =dL/dg—(d/dt)dL/dg+---—(—1)"(d/dt)""aL/ag™; 
p:=0L/dg—(d/dt)dL/dg +ete. 

Then H(qi, +++, Qni Pi, ***, Pn) is Tpjg;—L. Thus, py is 
not identical with the momentum occurring when @, etc., 
are absent from ZL. The Hamiltonian equations of motion 
are identical with those of a system possessing m degrees 
of freedom. To pass to quantum theory one may follow 
the usual procedure of writing down commutation rela- 
tions between canonically conjugate variables: 


DiGi — ViPi = h/t, 


with all other pairs of variables commuting. The extension 
to K degrees of freedom is obvious. The commutation 
relations lead to the result, at first sight surprising, that 
in such problems ordinary Cartesian coordinates and 
velocities commute. 

This may have some bearing on the problem of elec- 
tronic motion since Schott showed that on the basis of the 
Lorentz equations part of the stored-up energy is express- 
ible as a term proportional to the square of the acceleration. 
However, this problem is complicated by the presence of 
radiation damping forces which cannot be described by a 
term in the Lagrangian. 


1 Whittaker, Analytical Dynamics. 


8. Condensation Due to Adiabatic Compression. 
ARTHUR E, RuarK, University of North Carolina.—lf 
saturated vapor is compressed isothermally, condensation 
will occur (neglecting supersaturation). If it is compressed 
adiabatically, the increase of temperature will ordinarily 
prevent condensation. The question arises, are there 
vapors which can condense under adiabatic compression? 
Treating the vapor as a perfect gas, the answer is, con- 
densation can occur if 


d log p/dT <1/T(y-—1), 
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where p is the pressure of saturated vapor; 7 is absolute 
temperature; y is the ratio of specific heats. Meteorology 
books state that descending air (presumably undergoing 
almost adiabatic compression) never produces fog. The 
above criterion supports this idea if the air is initially 
saturated, but for supersaturated air the conclusion may 
be questioned. From I. C. T. data, it appears that CCl, 
above about 70°C can condense under adiabatic compres- 
sion; for the derivative above decreases rapidly as T in- 
creases. Trueblood! observed condensation on quickly com- 
pressing a cloud chamber containing air and CCl, This 
does not prove the existence of the phenomenon we are 
discussing because of the complicated conditions; True- 
blood’s vapor may have been supersaturated initially. 
However, our equation offers a partial explanation of his 
observation. 


1 Thesis, University of Washington, 1934, 


9. Specific Surface Measurements on Compact Bundles 
of Parallel Fibers. R. R. SULLIVAN, University of Ten- 
nessee.—The equation for viscous flow of an incompressible 
fluid through porous media has been given! as 


= (tA pkoSo?) (€3, [1 —e )(Ap Zo. 


where Q is volume flow (cc/sec.), A is cross-sectional area of 
medium, uw is coefficient of viscosity, So is specific surface 
(cm?/cc), and Ap/L is pressure gradient, all in c.g.s. 
units. ¢ is an orientation factor equal to unity for flow 
parallel to exposed surfaces. ko is a constant under certain 
circumstances. With stiff fibers all oriented parallel to 
flow, ko depends differently on ¢, the porosity of the bundle, 
than with fibers perpendicular to flow, or randomly 
oriented. An experimental relationship between ko and « 
is here given for parallel flow through bundles of roughly 
circular fibers for porosities from 0.09 to 0.9. Representa- 
tive values are: 

es 0.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
ko: 0.8 0.9 1.0 1.2 1.4 1.7 2.3 3.4 


These contrast with the approximately constant value 3.2 
which persists over porosities from 0.28 to 0.87 for a wide 
range of perpendicularly and of randomly packed bundles 
of textile fibers, lead shot, glass beads, rings, saddles, and 
wire crimps.? 


1R. R. Sullivan, J. App. Phys. 12, 503 (1941). 
2 R. R. Sullivan and kK. L. Hertel, Advances in Colloid Science (Inter 
science Publishers, Inc., New York, 1942), Vol. 1, pp. 37-80. 


10. An Improved Procedure Used in the Measurement 
and Analysis of Some City Noises in New Orleans. D. S. 
ELLIoTT AND L. B. Scott,! Tulane University.—The main 
purpose of this study was to evolve improved methods and 
techniques for studying city noises. Beacuse of the incon- 
stancy of many city noises, highly resolved frequency 
measurements are difficult to obtain, and single numbers 
for expressing intensity levels are inadequate for purposes 
of comparison. 

For determining the manner in which, for a given noise, 
the intensities were dispersed, a special data sheet was 
designed which enabled a single observer to tabulate 
readings for sounds of rapidly varying intensities. 
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For determining the frequency characteristics, ‘‘noise 
samples” were recorded on a phonographic disk “in the 
field,”’ and afterwards these were analyzed in the laboratory 
to a fairly high degree of resolution. 

Results obtained from some sixty test measurements in 
actual field situations in New Orleans indicate the effec- 
tiveness of the methods. 


1 Now with the U. S. Armed Forces. 


11. A Check on Film Speeds. E. C. Lone, University 
of Georgia. (Introduced by R. H. Snyder.)—Runs were made 
on Eastman and Agfa films, under controlled conditions 
of three speeds of films for white, green, blue, and red 
lights. Comparisons were first made with white light on 
Eastman Super XX for variations in individual rolls. 
Checks were then made on Eastman Super XX, Veri- 
chrome, and Panatomic X, and Agfa Superpan Press, 
Super Plenachrome, and Finopan for both colored and 
white light. 

Development was then carried out on the whole group 
as a control measure. A comparison was then made of 
image on films and discrepancies in speeds ascertained. 

This work was carried out under the supervision of Dr. 
R. H. Snyder. 


12. An Adaptation of the Anderson Bridge for the De- 
tection of Minute Changes in Temperature. W. L. KENNON 
AND A. B. CULLEN, University of Mississippi.—The 
particular arrangement of the bridge used in this work is, 
when nearly balanced, very sensitive to a slight change in 
the ratio of the condenser capacities. The condensers are 
constructed of thin-walled glass bulbs silvered on their 
inner and outer surfaces. A slight difference in the tempera- 
tures of the two condensers, owing to the temperature 
coefficient of the glass dielectric, changes the ratio of the 
capacities and unbalances the bridge. 

For successful operation the bridge must be supplied 
with a very pure sinusoidal voltage of constant frequency. 
This is supplied by a specially designed oscillator controlled 
by a thousand-cycle tuning fork, which acts to control the 
frequency very much in the same way as a quartz crystal 
in a radiofrequency circuit. 

A specially designed transformer circuit amplifies the 
output of the unbalanced bridge. The unbalanced condi- 
tion is detected by an oscillograph. 

The entire device is designed to replace the thermo- 
couples previously used in the senior author’s “null- 
method” for the exact measurement of the specific heats 


of liquids. 


13. A Method of Preparing Gray Scales. E. S. BARR 
AND L. B. Scort,! Tulane University.—The scales discussed 
here are 10-cm strips of 35-mm film (and contact prints 
from these) which have a maximum blackening at one end 
and no blackening at the other, with the blackening varying 
uniformly between. 

To prepare the strips it was necessary to provide illu- 
mination which varied uniformly in intensity between the 
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ends of the strips. This was accomplished by use of a 
parallel beam of light and a curved supporting surface for 
the film, so oriented that one end of the strip was parallel 
and the other perpendicular to the beam. 

The equation for a curve, the normal to which makes an 
angle with the X axis which obeys the condition that its 
cosine shall be proportional to the distance along the curve 
from the origin, was derived and plotted to the desired 
scale. A metal plate was cut to match this curve and 
mounted with suitable accessories for clamping the film 
and orienting the device in the light beam. 

Exposures were made by use of a thin lens with a source 
formed by placing a pinhole in front of a sodium arc. 

The testing of such strips and some of their applications 
will be discussed. 


1 Now with U. S. Armed Forces. 


14. An X-Ray Analysis of the Time-Softening Property 
of a Lead-Tin Alloy. W. RicHarpson, H. VANceE WHITE, 
AND BERTHA H. WEAVER, Virginia Polytechnic Institute 
Certain lead-tin alloys, which from their solubility proper- 
ties would be expected to harden with age, have been 
found to exhibit the reverse property of softening as they 
age. The particular alloy investigated, 19 percent tin, 
81 percent lead, cast in a cold mold and water quenched, 
was found to decrease in hardness over a period of eight to 
ten days, changing from 12 Brinell to less than 7 Brinell. 
X-ray diffraction patterns of the freshly cast alloy re- 
sembled those of pure lead except for a slight displacement 
of all lines, showing that the tin was in solid solution in the 
lead. On another pattern made a day later, however, 
the strongest of the characteristic tin lines made its appear- 
ance; and later the patterns included more and stronger 
tin lines. This was interpreted as evidence that tin was 
being precipitated from the solution. This conclusion was 
verified by tests which showed the electrical conductivit y 
of the alloy to be increasing over a period of time corre- 
sponding to the softening period. The fact that precipita- 
tion and softening occur simultaneously here seems to be 
in opposition to the present theory of age-hardening which 
explains hardening as an effect of precipitation. 

15.* Neoprene under Periodic Stress. Mitton L. 
Braun, Catawba College—A small stationer’s band made 
of neoprene was subjected to a periodic stretching stress 
applied slowly, and presumedly isothermally. The full 
stress was maintained for approximately fifty seconds of 
drift, and then isothermally withdrawn. After a similar 
fifty-second period for relaxation this sequence was repeated 
at the rate of thirty cycles per hour. The strain seems to 
follow very closely a power law for several score of cycles, 
after which there seems to be a transition into a similar law 
of lower degree or into some other function. Further work 
is in progress. 


* Read by title only. 


16.* Note on the Analysis of Single-Scattering Data. 
F. T. RoGers, JR.,! The University of Houston.—When a 
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beam of particles is single-scattered by a definite volume of 
matter into a suitable detector, the angle between the 
incident- and scattered-beam center lines being ¢, the fol- 
lowing relation may describe the experimentally observed 
scattering quite closely for certain apparatus “‘geometries”’: 


k F(o) ={* 


o- 


"* £(0)0(0)d0. (1) 


Here F(¢) is determined directly by observations, o(@) 
is the scattering function for angle ¢, f(@) is a known 
function for a given apparatus, and & and e¢ are known 
constants for a given apparatus. 

If o(@) is known at some ¢=9%, o(¢) may be got at 
intervals of 2e each way from # numerically from Eq. (1) 
by a very simple differential method: 


a(¢—©) = | f(o+e)a(@+) —k[dF(o)/do]}/f(@—e). (2) 


This process is often helpful in the analysis of experiments 
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made at small scattering angles, especially when o(¢) 
decreases rapidly with increasing ¢. 

* Read by title only 

1 With the University of California (1941-1942), on leave of absence 

17.* The Infra-Red Fundamental of C'* O"”. R. T. Lacre- 
MANN,! Ohio State University.—The infra-red absorption 
band of carbon monoxide at 4.66 microns has been re- 
examined using narrower slits, smaller intervals of reading, 
and a replica grating of 2887 lines per inch in the second 
order. These improvements have resulted in the observa- 
tion of more than twenty well-resolved lines due to the 
C8 O' molecule. The lines of the isotopic molecule are 
interspersed among those of the C"® O"* molecule, which has 
been observed previously. The experimental band center 
displacement is in good agreement with the expected one, 
as computed from the isotopic masses of the carbon. The 
average line separation is about 3.6 wave numbers. 


* Read by title only. 
1 Now at Emory University. 
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MINUTES OF THE MEETING OF THE OHIO SECTION HELD AT GRANVILLE, Onl, 
APRIL 18, 1942 


HE eighth meeting of the Ohio Section of the American Physical Society 

was held on April 18, 1942, at Denison University, Granville, Ohio. 

The meeting was in joint session with the Ohio Academy of Science. Fifty 

members and guests were present. The following eight papers were presented; 
of these the abstracts of four are appended. 

Newly elected officers of the Section for the season 1942-43 are the follow- 

ing: H. V. KNorr, Chairman; Paut B. TAYLor, Vice Chairman; RicHarp H. 


Howe, Secretary-Treasurer. 


PROGRAMME 
Physics Lecture Room, Barney Science Hall, 10:00 a.m. 


1. Further Order-Disorder Studies in the Case of Cer- 
tain Spinels. F. C. BLAKE, Ohio State University. 

2. A Mechanical Method for testing Shutter Speeds of 
Cameras. GEORGE Mott AND GEORGE MAYHEW (Intro- 
duced by C. W. Jarvis), Ohio Wesleyan University. 

3. The Chemiluminescence Spectrum of Chlorophyll a. 
ALBERT STEWART, H. V. KNorR, and V. M. ALBERs, 
Kettering Foundation, Antioch College. 

4. Some Observations on a Dynamic Coulometer. 
Tuomas Buck (Introduced by P. E. Martin), A/uskingum 
College. 

5. A Spark Recording Apparatus for Simple Harmonic 
Motion. RALPH KRONE AND H. V. Knorr, Antioch College. 

6. Establishing and Maintaining a Color Temperature 
scale. W. E. Forsytur, General Electric Company, Nela 
Park. 


RICHARD H. Howe, Secretary 
Denison University, Granville, Ohio. 


7. The Absorption Spectrum of ms-Tetra-4-Dimethyl- 
aminophenyl Porphine. Davip Fry, Ohio State University 
and Kettering Foundation, Antioch College, V. M. ALBERS, 
and H. V. Knorr, Kettering Foundation, Antioch College. 

8. Radioactive Tracers in Industrial Research (Invited 
Paper), Martin S. Mater, Battelle Memorial Institute. 


Luncheon, Curtis Hall Dining Hall, 12:30 p.m. 
Annual Business Meeting. 


1. Further Order-Disorder Studies in the Case of Cer- 
tain Spinels. F. C. BLAKE, Ohio State University.—Follow- 
ing up the paper reported at the Chicago meeting of the 
Physical Society! the mechanics of finding correct atomic 
positions to lead to sub-microscopic twinning are carried 
to completion. The theoretical aspects of transitions from 
microscopic to macroscopic twinning are discussed and a 
classification of the several kinds of sub-microscopic twin- 
ning possible is given. 


! Phys. Rev. 61, 108 (1942). 
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2. The Chemiluminescence Spectrum of Chlorophyll a. 
ALBERT STEWART, H. V. KNorRR, and V. M. ALBERs, 
Kettering Foundation, Antioch College-—The chemilumi- 
nescence spectrum obtained by quickly heating a solution 
of chlorophyll a in tetralin to 180°C has been measured 
photographically. The plate was calibrated and stand- 
ardized using a standard lamp and neutral screens and the 
relative intensities calculated. These showed a band with 
a maximum at 677.5 my. The fluorescence spectrum was 
measured just after the chlorophyll a was dissolved in the 
tetralin at room temperature and again after the solution 
had been boiled five minutes. The band for the fresh 
material has a maximum at 688.5 my while the band for 
the reacted material is decreased to one-third the intensity 
of the former and has its maximum at 671.0 my. The 
chemiluminescence band is much narrower than the en- 
velope of the two fluorescence bands when all three are 
plotted with the same maximum intensity, suggesting 
that only a fraction of the reactions are responsible for the 
chemiluminescence. The absorption spectrum of the _re- 
acted material differs from that of the fresh material in 
the intensity and position of the bands, especially in the 


violet region. 


3. A Spark Recording Apparatus for Simple Harmonic 
Motion. RALPH W. KRONE AND H. V. Knorr, Antioch 
College.—An apparatus has been constructed with which 
the characteristic properties of simple harmonic motion 
can be investigated. The positions of a simple pendulum, 
263 cm long and swinging with an amplitude of 28 cm, are 
recorded by means of a synchronous spark timer. A spark 
passes every twelfth of a second between the pendulum 
and a sheet of brass having the same radius of curvature 
as the path of the pendulum. The recording paper is placed 
upon the brass plate. By means of an induction motor, 
and a proper gear reduction the brass plate carrying the 
recording paper is moved in a horizontal plane perpen- 
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dicular to the direction of vibration of the pendulum. Six 
complete periods can thus be recorded. The values ob- 
tained for the displacement, the velocity, and the accelera- 
tion are accurate to one percent. Values obtained for the 
period from the displacement-time graph check within 
one-tenth of one percent with the values found by direct 
observation and the theoretical formula. 


4. Absorption Spectra in the Visible of ms-Tetra (3’, 4’- 
methylenedioxyphenyl) Porphine of HCl No. 4 and Three 
of Its Metal Complex Salts. Davip Fry, Ohio State Uni- 
versity and Kettering Foundation, Antioch College, V. M. 
ALBERS, AND H. V. Knorr, Kettering Foundation, Antioch 
College.—The absorption spectra of ms-tetra (3’, 4’-methyl- 
enedioxyphenyl) porphine of HCI No. 4 and its Ni, Zn, 
and Ag metal complex salts in benzene were measured in 
the region between 700 and 370 mu. All compounds gave 
a good chemical analysis except the silver salt which 
showed that the molecule contained one atom of silver 
and one molecule of pyridine. The absorption coefficients 
were calculated from Beers law. The instrument used was 
the Albers-Knorr spectroradiometer.! The spectra were 
compared with the corresponding ms-tetraphenylporphine 
spectra. The differences between the ms-tetra (3’, 4’-methyl- 
enedioxyphenyl) porphine and its salts spectra and the 
ms-tetraphenylporphine and its salts spectra? are slight. 
In comparing the two parent compounds, all the bands in 
the former are shifted 5 or 6 mu towards the red when 
compared with the latter. Also the absorption coefficients 
of all the bands, except the one at 649 mu, of the former 
are greater than those for the latter. The positions of the 
bands in mu and the value of the absorption coefficients 
X 10-? for ms-tetra (3’, 4’-methylenedioxyphenyl) porphine 
of HCI No. 4 are as follows: 649—100; 595—133; 555—230; 
518—440; 486—114; 425—8880. 


1V. M. Albers and H. V. Knorr, J. Opt. Soc. Am. 28, 121 (1938). 
2V. M. Albers and H. V. Knorr, J. Chem. Phys. 9, 497 (1941). 
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MEETING AT BALTIMORE, May 1-2, 1942 


HE 248th meeting of the American Physical 

Society was held in Baltimore at the Johns 
Hopkins University on Friday and Saturday, 
the Ist and 2nd of May, 1942. The breach with 
the tradition of meeting in Washington at this 
time of year, which was enforced by the circum- 
stances of the war, was surely unwelcome to 
many; but the quality of the hospitality offered 
by the Johns Hopkins University and by the 
Local Committee (Chairman, J. C. Hubbard) 
must have abolished nearly all the regrets. The 
number of contributed papers was much smaller 
than in previous years, showing all too clearly 


the claims of the war upon the time and occupa- 
tions of physicists; but the attendance had not 
fallen off in so great a ratio (there were 328 who 
registered) and it was evident that the meeting 
offered a welcome opportunity for many a con- 
ference both formal and informal. The reduction 
in the number of papers brought the advantage 
that only on one half-day was it necessary to 
schedule simultaneous sessions. The abstracts of 
the contributed papers are appended; No. 5 and 
No. 41 were read by title. 

The dinner of the Society was held on Friday 
evening at the Lord Baltimore Hotel, President 
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Bridgman presiding. It was distinguished by the 
presentation of the Duddell medal of the Physical 
Society (of Great Britain) to W. D. Coolidge of 
the General Electric Company. The medal was 
presented by Viscount Halifax, British Am- 
bassador to the United States, with a felicitous 
speech; Lord and Lady Halifax were guests of 
the Society at the dinner. The presentation was 
followed by the response of Mr. Coolidge and 
preceded by an address of welcome from Presi- 
dent Bowman of Johns Hopkins University and 
by an address by R. W. Wood. The speeches of 
Viscount Halifax and Mr. Coolidge are to be 
published probably in one of the journals under 
the supervision of the American Institute of 
Physics. A telegram was sent to J. S. Ames, 
former President of the Society, expressing the 
regret of the members at his enforced absence. 

The Council met on Friday morning. It elected 
to Membership in the Society 59 candidates, and 
advanced two Members to Fellowship; their 
names are given hereinafter. J. H. Van Vleck and 
William V. Houston were appointed as repre- 
sentatives of the Society on the Division of Phys- 
ical Sciences of the National Research Council 
to succeed E. U. Condon and H. D. Smyth. 
H. L. Curtis and Leigh Page were appointed to 
succeed themselves as liaison representatives of 
the Society on the Committee on Basic Sciences 
of the American Institute of Electrical Engineers. 
The Director of the American Institute of Phys- 
ics was requested to distribute yearly to the 
members of the Society a brief account of the 
activities of the Institute, and this will be done. 

The Society has lost through death the follow- 
ing members: Frederick Curtice Davis, who was 


ABSTRACTS OF CONT 


1. Covariant Representation of Five-Dimensional Field 
Theories. PETER G. BERGMANN, Black Mountain College.— 
To compare the five-dimensional and projective field 
theories proposed by Kaluza,! Veblen and Hoffmann,? 
Pauli,’ and Einstein and collaborators‘ with each other, 
it is useful to develop a covariant formalism applicable to 
all of them. If one introduces in a five-dimensional Rie- 
mannian space with coordinates £° a set of four parameters 
x*(°), then it is possible to identify each curve x*=con- 
stant in the five-dimensional space with a “‘point’”’ in a 
symbolic four-dimensional space. A complete tensor 
algebra and analysis can be constructed in this space of 
the x*. The four-dimensional metric is related to the 
five-dimensional metric, and the same is true of Christoffel 
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lost in action in the Pacific theater early in the 
war, the first of our members to die in the service 
of the Nation; Carl Pfanstiehl of the Pfanstiehl 
Chemical Company; Sir William Bragg (Hon- 
orary Member) whose celebrity needs no further 
attestation in this place. 

Elected to Fellowship: C. T. Lane and T. D. 
Poulter. Elected to Membership: George Antonoff, 
Norman W. Arnold, Carl L. Bailey, Edgar E. 
Barr, George Harold Best, Howard W. Brackney, 
Ellis E. Bray, John Edward Brolley, Jr., Albert 
Burris, Esther M. Conwell, Victor B. Corey, 
James Willson Ford, James W. Follin, Jr., Stan- 
ley M. Forman, J. L. Fowler, Ernest Frank, 
Norman L. Fritz, Charles J. Gallagher, Frank 
P. Goeder, Charles Franklin Hadley, Henry B. 
Hanstein, Arthur A. Hauser, Jr., Robert Dar- 
row Heidenreich, L. Burton Hitchcock, Calvin 
H. Hogg, Chao-Wang Hsueh, Mark Gordon 
Inghram, Irving Kaplan, Raymond I. Lawley, 
Melvin Lax, Howard Allen Leiter, Saul Levy, 
Henry Lisman, John S. McCartney, Wilkison 
W. Meeks, David Middleton, Mark Muir Mills, 
James J. Murray, Glenn L. Musser, Glen Oneal, 
Jr., Shiao-Thur Pan, James Reid Patterson, 
Horst Poehler, Philip J. Rice, Jr., James Austin 
Richards, Jr., Sloan D. Robertson, Edith Lou 
Rovner, Morris Herbert Shamos, H. Guyford 
Stever, Elmer Eugene Stickley, Richard H. 
Stokes, Alfred M. Suggs, Robert Ambrose Thorn- 
ton, Franz Orbach, Evans Vaughan, Robert H. 
Vought, Phillip R. Wallace, Irving Weiner, and 
William E. Wolstenholme. 

KARL K. Darrow, Secretary 
American Physical Society 
Columbia University 


RIBUTED PAPERS 


symbols and curvature tensors. It turns out that, from 
this point of view, the theory of Kaluza and the projective 
theories are equivalent, while the theories of Einstein, 
Bargmann, and Bergmann are more general. 

1 Kaluza, Sitz. Preuss. Akad. Wiss. (1921), p. 966. 

2 Veblen, Projektive Relativitdtstheorie (Berlin, Springer, 1933). 

3 Pauli, Ann. d. Physik 18, 305 (1933); 18, 337 (1933). 


‘A, Einstein, Ann. Math. 39, 683 (1938); Th. 0. Kérmdén Anniversary 
Volume (Pasadena, 1941), p. 212. 


2. On the Quantization Problem in Hydrodynamics. 
L. Tisza, Massachusetts Institute of Technology.—The 
problem of liquid helium has been recently attacked by 
Landau! from an entirely new viewpoint. While there is 
hardly any doubt that the problem has to be treated on 
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the lines advanced by Landau, his development of quantum 
hydrodynamics does not seem quite satisfactory. It is 
suggested to start rather from classical hydrodynamics 
and restrict the modes of internal motion of the perfect 
liquid by quantum conditions. This leads (1) to longitudinal 
phonons, (2) to vortex rings with quantized angular 
momentum 4MI=Jh, where M is the mass of the vortex 
ring, ['= $vds the circulation, both constant according 
to classical theorems; J is a quantum number taking 
discrete, but not necessarily integer values. M varies for 
the different vortex rings from a minimum value com- 
patible with the corpuscular structure of the liquid to a 
maximum value determined by the geometry of the 
container of the liquid. It will be shown that the thermo- 
and hydrodynamical properties of this system correspond 
to those of liquid helium. The results agree only partly 
with those of Landau. The reasons for the discrepancies 
and the experiments supporting the present theory will 
be discussed. 


1L. Landau, Phys. Rev. 60, 356 (1941), J. of Phys. 5, 71 (1941). 


3. Magnetic Force of Charge on Charge. F. W. War- 
BURTON. Illinois Institute of Technology—The Riemann 
force of charge on charge satisfies not only the unipolar 
induction experiment with the rotating solenoid but also 
that for the rotating magnet. The high velocity term in 
the centripetal acceleration of the electron averaged over 
a circular orbit, balances the average value of another 
term in velocity of the electron. When the magnet rotates, 
the Coriolis acceleration term for an electron in an orbit, 
expressed in terms of the vector potential and integrated 
for the magnet, balances the relative motional term. The 
correction term in mutual force corresponding to rela- 
tivistic increase in mass, although vanishing for a closed 
circuit, looms large for a massive body near a conductor 
whether or not the body is magnetic or rotating. 


4. A New Method for Deriving Poynting and Other 
Valid Energy Flow Vectors. J. SLEPIAN, Westinghouse Re- 
search Laboratories.—A thin shell space enclosing a portion 
of an electromagnetic field is imagined suddenly created, 
and charges, electric and magnetic dipoles are introduced 
along the inner and outer shell surfaces and moved about 
so as to keep the field within the shell space itself, zero, 
and the field enclosed by the shell, the same, for sometime, 
as it would have been if the shell had not been created. 
The work done upon the moving charges and dipoles is 
defined to be the flux of electric energy out from the 
enclosed electromagnetic field. This work can be assigned 
to the elements of the enclosing surface in various ways— 
one yielding the Poynting vector, and the others yielding 
other valid energy flow vectors having the same divergence 
as the Poynting vector. If a spatially distributed stored 
energy density is also assigned to these charges and 
dipoles, then valid energy flow vectors are obtained 
which differ from the Poynting vector even in their 
divergence. These valid energy flow vectors assign an 
energy density in space differing from but equally valid 
with usual spatial energy density postulates. 


5. Theoretical Half-Lives of RaE and P®. E. GREULING, 
Indiana University.—It has been shown! that the asym- 
metric energy distribution of RaE electrons can be accu- 
rately predicted by the “second forbidden” tensor or 
polar vector interactions if the transition corresponds to 
no parity change with a spin change, AJ=2-—+0. The 
correct energy distribution and the observed half-life can be 
obtained concurrently if the magnitudes of the nuclear 
matrix elements, constructed from certain irreducible 
tensors, are estimated by a simple averaging process. 
Agreement with experiments is given by the tensor 
interaction with the reasonable assumptions: (1) The 
velocity of nuclear particles, v~1/6C, and (2) The Fermi 
constant, g~4.6X10-". The observed energy distribution 
of P® electrons cannot be accurately predicted in any 
“forbidden” approximation. The ratio of the nuclear 
matrix elements assumed! in order to fit Lawson's data at 
two points, corresponds to an unreasonably small nuclear 
velocity, v~0.03C, and yields a half-life~100 times too 
large in the “second forbidden’”’ approximation. For 
v=1/10C the spectrum predicted differs very little from 
that given by the “first forbidden’? tensor interaction 
with AJ=2--0. This transition, Poqq—>S™even, vields 
the correct half-life when g~2.1X10-" is assumed. In 
view of the fact that the energy distribution favors only 
slightly the ‘second forbidden’’ approximation, the 
evidence of the half-life indicates that P*® is probably 
“first forbidden”’ according to Gamow-Teller selection 
rules. 


1 E. J. Konopinski and G. E. Uhlenbeck, Phys. Rev. 60, 308 (1941). 


6. Electric Quadrupole Moments of Light and Heavy 
Nuclei. S.B. WELLES, Yale University—From the results 
of Feenberg and Wigner! for the wave function and term 
character of the ground state of light nuclei in the Hartree 
Model, and from the results of Rose and Bethe? for the 
corresponding nuclear spins, the electric quadrupole 
moments of these nuclei have been computed. In units of 
10-*6 cm?, they are Li®?8 0, —2.7, 1.4; Be? ®9 —3.6, 0, 2.1; 
B% 10.11.12 —9.6 0, 0.7, —3.8; C428 —2.4 0, O; Ni115 
0, 0, 0; and O16 0, 0. A theoretical investigation of the 
quadrupole moments of heavy nuclei as a function of 
nuclear spin reveals certain regularities if it is assumed 
that the asymmetrical charge distribution is due to only 
one proton. No restrictions as to the type of coupling 
are included. 


1 E. Feenberg and E. Wigner, Phys. Rev. 51, 95 (1937). 
2M. E. Rose and H. A. Bethe, Phys. Rev. 51, 205 (1937). 


7. On the Magnetic Moments of H* and He’*. R. G. 
SACHS AND JULIAN SCHWINGER, Purdue University.—The 
magnetic moments of the light nuclei constitute a source 
of information concerning the extent to which spin con- 
servation laws are relaxed in many-body systems. The 
sum of the moments of two nuclei which can be obtained 
from each other by an interchange of neutrons and protons 
has a particularly simple interpretation since it depends 
only on the amount of admixture of the possible LS 
states. Of this class of nuclei, H* and He’ are of particular 
interest since the magnetic moments of both can pre- 
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sumably be measured. The theoretical value of the sum 
of their moments is 


wa tune =n thp— (un tup— 3)(3'D+2°P—'P), 


where the state symbols indicate the probability that the 
system be found in the corresponding state. It is likely 
that the ground states of these nuclei are predominately 
25S+4D and thus, if ‘D=5 percent, uH?+upy-' =0.841 
nuclear magneton, which is to be contrasted with the 
deuteron moment (0.857), the expected theoretical value 
if L—S coupling holds rigorously. The moments of the 
individual nuclei depend on the detailed structure of 
the ‘D function but if a particularly simple form! is 
assumed one finds 


HH? = -hp— 3 (2uptun— })'D, 
whence wy = 2.68 and uye? = — 1.84. 
1E. Gerjuoy and J. Schwinger, Phys. Rev. 61, 138 (1942). 


8. On the Algebraic Theory of Higher Spins. M. 
DRESDEN, University of Michigan.—It has been shown 
that particles of spin 0, 4, 1, can be described by a set of 
linear equations of the Dirac type. An attempt to a 
possible extension of this type of equation has been made. 
The method starts, using a method of factorization due to 
Rainich,! by obtaining all possible commutation relations 
which will insure that the second-order wave equations 


are satisfied by each wave function as a consequence of 


the first-order equations. This is done by writing down 
the conditions on the coefficients for the splitting of a 
quadratic form into 2 linear forms, then the condition for 
the splitting of a quadratic form in a linear and a quadratic 
form and so on. The general relations are of the form 
Dp BuBno:+-Bns= Dp bn nBn3°- -Bn,. They allow many 
special solutions among others the Dirac and Duffin 
relations. The next complicated will be presented and its 
physical contents discussed. 


1G. Y. Rainich, Bull. Am. Math. Soc. 48, No. 1, p. 41. 


9. The Magnetic Current in Gases. FeLix EHRENHAFT. 
—In analogy with the definition of the electric ion a 
magnetic ion is a body which moves in a homogeneous 
magnetic field in the direction of the lines of force, reverses 
its direction of motion with the reversal of this field, etc. 
A magnetic current consequently is the movement of 
magnetic ions in the homogeneous magnetic field. To this 
extension of physical conceptions the author has been 
forced since he observed movements in homogeneous 
magnetic fields which hitherto were unknown. In an 
homogeneous magnetic field some particles of various 
finest metal powders, especially such of ferromagnetic 
elements, move from one homogeneous magnetrode (the 
plate of a magnetic condenser) to the opposite one, while 
the others remain at rest. A particle suspended in gas 
irradiated by light moves in the homogeneous magnetic 
field in the lines of force and reverses its direction with 
the reversal of the field. The determination of the charge 
on these ions and the change of charge on them are dis- 
cussed. The author has made these experiments in co- 
operation with L. Banet. He restricts himself to the 
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reports of the investigations on gases while the latter will 
report about the movements in liquids, and give some 
references. 


10. The Magnetic Current in Liquids. Leo BAner. 
(Introduced by Felix Ehrenhaft.)—The above-given defini- 
tions of magnetic ions and magnetic currents can also be 
applied to movements in liquid mediums. The following 
observations have been made: Colloidal particles of 
nickel! are deposited equally on two homogeneous (gold- 
plated) magnetrodes.—Single particles of these colloids can 
be observed moving toward the magnetrodes by means of 
a microscopic arrangement. Some particles of finest metal 
powders move in the homogeneous magnetic field toward 
the magnetrodes in various liquids. These movements 
cease instantly if the magnetic field is shut off and start 
just the same way. 

1F, Ehrenhaft, Anzeiger d. kais. Akad. d. Wiss. Wien 18 (July 10, 
1902); Phil. Mag. 11, 140 (1931); Ann. d. Physique 13, 151 (1940); 
J. Frank. Inst. 230 381 (1940); Phil. Sci. 8, No. 3 (1941); Science 94, 
232 (1941); J. Frank. Inst. 235 (March, 1942); F. Ehrenhaft and 


L. Banet, Phil. Sci. 8, No. 3 (1941); J. C. Maxwell, Treatise, art 
377-379 (Oxford, 1902). 


11. The Characteristic Radiations of CO®. Martin E. 
Netson, M. L. Poot, ano J. D. KursBatov, Ohio State 
University.—The 10.7-minute Co® was produced by a 
Co(d, p) reaction in an intensity several thousand times 
that obtained from Co(m,y) and Ni(m, p) reactions. 
Ionization chamber measurements indicated that approxi- 
mately one gamma-ray was emitted for each beta-ray. 
The lead absorption coefficient for the gamma-ray activity 
was 0.58 cm“, corresponding to an energy of 1.5+0.2 Mev. 
The beta-rays were measured with a magnetic beta-ray 
spectrometer and were found to be continuous. Allowing 
for the slight tail due to gamma-ray recoils the endpoint 
was measured at 1.35+0.1 Mev. This is probably an 
allowed transition. The 5.3-year Co® was produced by a 
Co(d, p) reaction. Chemical separations removed the long 
life impurities. Absorption measurements, in agreement 
with those previously reported,'? indicated the presence 
of a 1.7+0.2 Mev gamma-ray and a 220+20 Kev beta-ray. 
However, no higher energy electrons were observed. 
From these data it seems evident that an isomeric transi- 
tion between the 11-minute and 5.3-year periods does not 
occur but that the activities decay independently. An 
energy level diagram summarizing the data will be shown. 


1 J. R. Risser, Phys. Rev. 52, 768 (1937) 
2 J. J. Livingood and G. T. Seaborg Phys. Rev. 53, 847 (1938). 


12. Photoneutrons Produced in Beryllium by the y-Rays 
of Radio-Antimony (60 d). G. STANLEY KLAIBER AND 
GERTRUD SCHARFF-GOLDHABER, University of Illinois.— 
Previous work! has shown, that the energy of neutrons 
generated in Be by the hard y-rays of RdY (100 d) is 
equal to that of RdTh+D neutrons (220 Kev). This 
result was obtained by counting the proton recoils pro- 
duced by the photoneutrons in a hydrogen filled ionization 
chamber as a function of the discriminator voltage. From 
the photoneutron energy the energy of the y-ray can be 
calculated (1.87 Mev). Now this work has been extended 
to the y-ray of Sb™ (60 d). A sample of a few millicuries 
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of Sb" was kindly produced for us by Dr. Kamen by 
bombarding antimony with deuterons in the Berkeley 
60-inch cyclotron. Proton recoils due to photoneutrons 
from Sb!*+Be were observed and their distribution in 
energy measured. The arrangement was calibrated by 
means of a pulse generator and a value of 115+20 Kev 
for the Sb'"*+ Be neutrons was obtained. This leads to an 
energy of 1.75 Mev for the y-ray emitted by Sb!*. Mitchell 
et al.? obtained for this y-ray a value of 1.82 Mev from 
Compton electrons. 


1 G. Scharff-Goldhaber, Phys. Rev. 59, 937(A) (1941). 
2A. C. G. Mitchell, L. M. Langer, and P. W. McDaniel, Phys. Rev. 
57, 1107 (1940). 


13. Collision Cross Sections of C and H for 25-Mev 
Neutrons. R. SHERR, Harvard University.—Lithium bom- 
barded with 10.2-Mev D* ions is known to yield neutrons 
with a maximum energy of 25.4 Mev. The reaction 
C(n, 2n)C" provides an energy-sensitive detector with 
calculated threshold at 20.6 Mev. By placing graphite at 
different angles with respect to the direction of the deuteron 
beam, it was found that the 20.5 min. C™ activity decreased 
rapidly with falling neutron-energy and was gone at 21.5 
Mev. For the scattering experiment, the effective area of the 
Li target was 2.00.3 cm*; the target detector separation 
was 22 cm; the graphite detector was 4.5 cm long with a 
cross section of 1.91.6 cm? facing the target. The scat- 
terers of graphite and paraffin were rectangular blocks 
with cross section 2.54 2.54 cm? placed midway between 
target and detector. Tests indicated negligible effect due 
to neutrons scattered by the cyclotron and water tanks. 
The collision cross sections did not vary for transmissions 
from 40 percent to 70 percent and were found to be 
0.39X10-* cm? for n—p and 1.05X10- cm? for n—C, 
to an estimated accuracy of 10 percent. These values will 
be somewhat increased by appropriate corrections for 
geometry. 


14. The Origin of Statistical Fluctuations in Propor- 
tional Geiger Counters. W. F. G. Swann, Bartol Research 
Foundation of the Franklin Institute—In a proportional 
Geiger counter 25 cm long filled with argon at 40-cm 
pressure, something like 700 ions would be produced in 
the whole path length. If all of these were produced as 
single pairs by the original cosmic rays, there would be 
no basis for appreciable fluctuation. However, the theory 
of ionization results in a very appreciable fraction of the 
measured ionization coming from acts in which the ion 
originally ejected has enough energy to produce many 
ions. The number of these acts is sufficiently small to be 
affected by statistical fluctuations, but the ions associated 
with them are sufficiently many to make those fluctuations 
affect a large portion of the total ionization. The paper 
will give the details concerning these matters. 


15. Pulse Size as a Function of Pressure in Geiger- 
Mueller Counters. CarLToN W. MILLER anv C. G. 
MontTcoMerY, Yale University —A vacuum tube circuit 
was used to measure the size of the pulses from a Geiger- 
Mueller counter which was over-shooting. This was done 
in the pressure range from two centimeters to thirty 
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centimeters of mercury for the gas mixtures 90 percent 
argon, 10 percent hydrogen; 90 percent neon, 10 percent 
hydrogen; 90 percent helium, 10 percent hydrogen; and 


for 100 percent hydrogen—all of tank purity. Since the 


pulses were observed to have distribution in size, sufficient 
measurements were taken to give information concerning 
the variation of this distribution with pressure and voltage. 
The 100 percent hydrogen gave the greatest pulse size 
observed (900 volt pulses at pressure equal to 30 cm Hg 
and at an over-voltage of 500 volts), with the mixtures 
giving pulses of lesser size in the same order as they are 
listed above. In each case, as the pressure was lowered, 
the pulses were larger at the lower over-voltages. The 
width of the plateau decreased as the pressure was lowered, 
making extensive measurements at low pressures impos- 
sible. Graphs of the data are presented, showing pulse 
size as a function of pressure and voltage, and the variation 
of the size-distribution. The accuracy of the measurements 


is discussed. 


16. Production of Penetrating Particles in the Cosmic 
Radiation. Victor H. REGENER, University of Chicago.— 
The production of penetrating particles in 5 and 10 cm 
of lead, iron, carbon, aluminum, and paraffin was investi- 
gated at Climax, Colorado (3500 m) in January, 1942. 
The altitude dependence of the production in lead was 
measured between Climax and Chicago. The apparatus 
consisted of several counter trays between layers of 
absorbing material and yielded simultaneously cross 
section and multiplicity for the production, as well as the 
absorption of the produced particles. The production of 
penetrating particles by a non-ionizing component of the 
cosmic radiation here considered is of the multiple type 
and differs from the production of soft mesotrons by 
photons. The material-dependence of the production rate 
shows per g/cm? of producing material an inverse trend 
with the atomic number; this inverse z dependence and 
the high rate of production make it necessary to introduce 
appreciable corrections for lifetime measurements of the 
mesotron where an absorber of dense material is used to 
compensate for the absorption in air between stations at 
different altitude. The absorption coefficient in lead of the 
produced particles depends on the atomic number of the 
material where the production took place. 


17. Further Measurements of the Mesotron Lifetime. 
BrRuNO Rosst AND KENNETH GREISEN, Cornell University, 
Joyce C. Srearns, Darot K. FROMAN, University of 
Denver, AND PHILLIPP G. Koontz, Colorado State College.— 
New experiments have been performed in order to test 
the theoretical relation between momentum and average 
range before decay of mesotrons and to determine more 
accurately the value of the proper lifetime. Differential 
absorption measurements of mesotrons have been carried 
out with an anti-coincidence method, at Denver (1616 m 
above sea level) and at Echo Lake (3240 m above sea 
level). The experimental results yield the differential 
momentum spectrum of mesotrons at Echo Lake from 
3X 108 to 1.2 10° ev/c, and enable one to calculate the 
probability of survival between Echo Lake and Denver 
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for two fairly monoenergetic mesotron groups. The 
average effective momenta of these groups are ~,.=5.15 
x108 and p,=9.72X10* ev/c, respectively. The corre- 
sponding average ranges before decay, as deduced from 
the probabilities of survival, are L_ = (4.26+0.46) x 105 cm 
and L,=(8.5+1.9) 10° cm. Thus, within the experi- 
mental errors, the average ranges are in the same pro- 
portion as the momenta, in agreement with the prediction 
based on the relativistic transformation of time intervals. 
From the above measurements and with a mesotron mass 
of 108 ev/c?, one obtains the value ro>=2.8X10~* sec. for 
the proper lifetime of mesotrons. 


18. The Energy Distribution in Showers at Low En- 
ergies. J. A. RICHARDs, JR. AND L. W. Norpueim, Duke 
University.—A numerical method for the calculation of the 
energy distribution in showers is developed. It consists of 
a series of successive approximations which permit one to 
continue the known asymptotic functions at high energies 
towards lower energies. In this way the track length 
distributions for electrons and photons in high energy 
showers have been calculated for both air and lead down 
to an energy of about 4 Mev. Close approximations to the 
true probabilities for the radiative effects have been used 
at all energies and Compton effect and collision secondaries 
have been fully taken into account. The electron distribu- 
tion increases logarithmically at very low energies and can 
be extrapolated to obtain the total track length of particles 
of all energies. The value thus obtained agrees very 
closely with the value following from energy considerations. 


19. Theory of the Lateral Spread of Cosmic-Ray 
Showers. JANE RoBERG, Duke University. (Introduced by 
L. W. Nordheim.)—F ollowing the procedure of Nordheim,! 
a systematic method is developed to calculate the mean 
square angular and lateral spreads of shower particles of 
all energies to any desired accuracy. An analytical solution, 
which takes the effect of ionization into account, is found 
for high energies, while for lower energies a method of 
successive approximations can be carried through numeri- 
cally. These more precise calculations confirm previous 
estimates and show that Auger’s observations on large 
air showers can be accounted for by the theory. 


1 Nordheim, Phys. Rev. 59, 929A (1941). 


20. Replica Gratings for Large Schmidt Telescopes. 
R. W. Woop, The Johns Hopkins University.—Grating 
replicas have been mounted in mosaic form on a glass 
disk 18 inches in diameter for the 18-inch Schmidt telescope 
at Mt. Palomar, California. The elementary replicas 
measure 4X6 inches, and for the blue and violet region 
over 95 percent of the light is in the first-order spectrum 
and less than 1 percent in the central image. There are 
only 800 lines to the inch, as very short spectra are required 
for spectral classification of very faint stars in rich fields 
to prevent overlapping. A similar 18-inch grating with 
1500 lines to the inch has been made which enables one 
to distinguish between novae and planetary nebulae, the 
latter giving a nitrogen band very near the bright hydrogen 
line. This grating gives the highest intensity in the red 
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region. The objective prism is unable to resolve the two 
lines. Lantern slides, experiments, and exhibits. 


21. Hyperfine Structure of the Forbidden Line 42967.52 
of Hg I. S. Mrozowsk1, University of Chicago.—The 
structure of the forbidden mercury line 2967.52 
(65Po>—6'D:) was investigated in the third order of each 
of two 30-foot Chicago gratings. The current of a powerful 
watercooled mercury arc was correspondingly adjusted so 
as to produce a relative weakening by reabsorption 
(end-on observation) of the very strong neighboring line 
\2967.28 (6°Po—6°D,). Four sharp components were 
observed in the forbidden line: 0 (10), +0.553 (5), +0.828 
(4), and +1.048 cm™ (<1); the intensities given in 
parenthesis are values estimated on a scale of 10. The 
structure observed agrees very closely with that predicted 
for this line by Goudsmit and Bacher! several years ago. 
Hence the first component is emitted by Hg™ and the 
remaining three by Hg™!. The forbidden line has an 
electric dipole character; the emission is caused by hyper- 
fine structure perturbations occurring only in energy 
levels of the odd isotopes of mercury. 


1S. Goudsmit and R. F. Bacher, Phys. Rev. 43, 894 (1933). 


22. Fine Structure and Series Extension in the Alkali 
Metal Atomic Spectra. H. R. Kratz, University of Wis- 
consin and Princeton University—The tube already 
described! for the production of a long optical path in a 
short space has been improved by supporting the optical 
parts on an I beam, with the aid of svlphon tubes, for 
stability with changing temperature, and by the installa- 
tion of facilities for uniform heating to any temperature 
up to 500°C, controllable to about 0.1°C. Twelve mem- 
bers of the principal series of potassium have been resolved 
into doublets, and 75 members have been measured. 
Similar work is progressing upon rubidium and caesium. 


1H. R. Kratz and J. E. Mack, Phys. Rev. 57, 1059A (1940). 


23. Bands in the Vapors of the Alkali Metal Atoms, in a 
Long Absorption Path. J. E. Mack anp H. R. Kratz, 
University of Wisconsin and Princeton University.—In 
connection with the work described in the previous paper, 
with optical paths of tens of meters, many bands have 


appeared. 


24. Raman Spectrum of Hexachloroethane. Forrest F. 
CLEVELAND, DwiGcut T. HAMILTON, AND M. J. Murray, 
Illinois Institute of Technology.—Beginning a study of 
some ethane type molecules, the Raman spectrum of 
Cl;C—CCl; dissolved in carbon tetrachloride and chloro- 
form has been obtained. The Raman data for hexachloro- 
ethane in the order displacement (intensity) depolarization 


factor are: 162(4)0.7; +223(6)0.8; +340(5)0.8; +431(8)0.3; 


859(5)0.9, and 975(2)0.4. (+ means observed as both 
Stokes and anti-Stokes lines.) Previous data obtained for 
hexachloroethane in the order {number of times line was 
observed | mean displacement (mean intensity) depolarization 
data are: {3} 144(1)r; {9} 220(4)v; {12} 340(4)v; {12} 
432(7)r; {1} 673(0); {9} 858(3)v; {3} 978(1)—. (r, v=right 
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and left circularly polarized.) Since the Cl atoms are large 
enough to exert considerable forces upon each other, 
it seems reasonable to suppose that rotation of one CCl, 
group with respect to the other about the C—C bond is 
restricted by a high potential barrier and that the equi- 
librium configuration is one in which the CCl; groups 
have their symmetry planes displaced by 2/3. This 
configuration, D3, should yield, in agreement with the 
above observations, three polarized and three depolarized 
Raman lines, as contrasted with three polarized and six 
depolarized Raman lines for either the D3, or the D’, 
configurations. 


25. Analysis of the Near Ultraviolet Absorption Spec- 
trum of Phenol. Maurice B. HAti,* Duke University.— 
Near ultraviolet absorption spectrograms of phenol, 
obtained with a Hilger E-1 quartz spectrograph, were 
studied. To a good approximation the spectrum was found 
to conform to the requirements of the Co, symmetry 
class, being very similar to the spectra of the monohalo- 
genated benzenes. The 0,0 band (A,B, transition) 
occurs at 36351 cm™'. Progressions with spacings of 
782 cm™ and 935 cm™, and intercombinations of the two, 
were found arising from totally symmetric vibrations. 
The difference 478 cm™, occurring alone and in combina- 
tion with some totally symmetric levels, was assigned to 
a 6; vibration. This vibration is considered to correspond 
to the e*, vibration in benzene whose excitation is re- 
sponsible for the near ultraviolet benzene absorption. 
Bands displaced from the main bands by about 60 cm™ 
and 218 cm™ towards longer wave-lengths are explained 
as v—v transitions. A small influence of the hydrogen 
atom of the OH group is suggested in some minor features. 


* Now at National Institute of Health, Bethesda, Maryland. 


26. On the Theory of the “Color” of Unsaturated 
Aliphatic Chains. U. Fano, Carnegie Institution of Wash- 
ington—The spectral absorption bands of aliphatic 
molecular groups having increasing numbers of conjugated 
double bonds (up to 11) are progressively shifted towards 
red. The shift is, however, much slower than theoretically 
expected according to Bloch’s approximation. Since this 
approximation is particularly inaccurate in one-dimen- 
sional systems, other qualitative considerations are 
presented here. In Heitler-London’s approximation, the 
fundamental state is entirely non-ionic, but the lowest 
optically excited state includes only ionic configurations. 
The smallest optically absorbed frequency is then primarily 
determined by the energy difference between non-ionic 
and ionic configurations, which is a zero-order effect, 
rather than by the strength or number of bonds. (The 
matrix elements interconnecting ionic and non-ionic 
configurations are assumed here to be small, but when 
the chain is sufficiently long their large number upsets 
Heitler-London’s approximation.) Thus no major shift 
of the absorption bands would be expected for chains of 
moderate length, if the energy difference between ionic 
and non-ionic configurations (neglected in Bloch’s approxi- 
mation) were the dominant factor. As things are, this 
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factor is probably strong enough to oppose appreciably 
the shift towards red, thus explaining the experimental 
findings. 


27. Influence of /-Quantum Number on the Structure of 
X-Ray Absorption Edges. R. SMOLUCHOWSKI, General 
Electric Company.—The transition probability of an elec- 
tron in absorption of an x-ray quantum depends upon the 
wave function of the lower state. Most of the studies of 
the fine structure of x-ray absorption edges consider only 
the K edge and do not reveal this dependence. Besides, for 
solids, almost no quantitative theoretical considerations are 
possible. In case of molecular gases, however, Kronig’s 
theory can be extended to other edges and quantitative 
predictions made. Experimental study of the fine structure 
of the Zy, Ly, and Ly absorption edges of mercury in 
gaseous HgCle were made in order to study the influence 
of the orbital quantum number on the structure. The 
results indicate that the Ly edge has a structure different 
from that of the Ly; and Ly edges at least within the 
observed range of energies. The Ly and Ly edges have 
identical structures as expected. Theoretical results for Ly 
are in good agreement with experiment. A quantitative 
comparison of the structure of the other two edges with 
the extended theory has not yet been carried out. 


28. Electron Polarization. C. G. SHULL,* New York 
University —In treating the scattering of electrons by 
atomic nuclei, Mott! has shown that the interaction of the 
electron’s magnetic moment with the scattering nucleus is 
such as to cause an intensity asymmetry upon the double 
scattering of a beam of electrons. Experimental observation 
of this effect is a crucial test of the validity of the Dirac 
equations for electrons. This experiment has been repeated 
using a 400 kev beam of electrons scattered by thin gold 
foils and counted by Geiger-Miiller counters. After elimi- 
nating spurious asymmetries, a polarization asymmetry of 
8 percent was found, which became 1 percent in the 
opposite direction when an aluminum foil was inserted for 
one of the gold foils. Reducing the atomic number of the 
scattering centers in this way should theoretically reduce 
the polarization asymmetry to a much smaller value. 
A distinction has been determined between polarization 
asymmetries as obtained in a “reflection’’ experiment (in 
which only electrons scattered through the “reflecting” 
sides of the foils are studied) and in a transmission experi- 
ment (in which only electrons scattered through the 
transmitting sides are studied). Experimental data will be 
shown and analyzed. 

* Now with The Texas Company, Beacon, New York. 

1N. F. Mott, Proc. Roy. Soc. 135, 429 (1932). 

29. Abnormal Scattering of Electrons. PAUL E. SHEARIN, 
University of North Carolina.—Skobelzyn' reports that, in 
at least ten percent of the cases, the angle of scattering of a 
primary electron, in an electron-electron collision, is much 
greater than that to be expected from energy and mo- 
mentum considerations. For expected angles of scattering 
of about 4°, he reports angles as great as 40°. A stereoscopic 
visual examination of the 180 side-branches of energy 
superior to 20 Kev occurring on 343 meters of primary 
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electron track of energy between 1.3 and 2.6 Mev, studied 
in a recent investigation by Pardue? and the author, dis- 
closed no marked abnormal scattering. Ninety-one of 
these events were suitable for accurate angular measure- 
ments, and were utilized in the present work. The angle of 
deflection of the primary in a plane approximately parallel 
to the primary track was measured. In only one case was 
the measured angle appreciably greater than the calculated 
angle, and this discrepancy could be accounted for by a 
nuclear collision near the electron-electron collision. 


1 Skobelzyn, Comptes rendus 21, 431 (1938). 
? Shearin and Pardue, Proc. Am. Phil. Soc. 85, 243 (1942). 


30. Secondary Emission of Electrons from Molybdenum 
Plates Coated with Beryllium and Treated with HCl. 


Pau. L. COPELAND AND WILLIAM R. KENNEDY, Jilinois - 


Institute of Technology Molybdenum plates used in these 
experiments were placed in vacuum and outgassed. Bery]- 
lium was then evaporated to form thick films upon them. 
The plates, after being removed from the vacuum system, 
were washed first with concentrated hydrochloric acid and 
then with distilled water to remove all visible traces of the 
beryllium film. After such plates had been placed in experi- 
mental tubes for the measurement of secondary emission 
and outgassed at a bright red heat, they showed relatively 
high secondary emission over a wide range of primary 
energies. A maximum of something more than three 
secondaries per primary appeared at a primary energy of 
about 500 electron volts. 


31. Proton Production by Electron Collisions in Mo- 
lecular Hydrogen. HerBert F. NEWHALL, Cornell Uni- 
versity.—The collision processes leading to the production 
of protons by single electron collisions with molecular 
hydrogen were investigated, using a mass spectrometer 
for the analysis. The electron beam was coaxial with a 
cylindrical conductor, and the field due to the electron 
space charge was used as an energy selector for the ions. 
The ions measured were those moving initially at right 
angles to the beam. The “fast’’ protons (ions having 
several electron volts of energy) found by Bleakney! were 
observed, and a rough measurement of the cross section 
for their production was made. No evidence was found for 
the slow protons observed by Bleakney. It is believed 
that these were formed by secondary collision processes. 
Using the theory developed by Smith,? it is possible to 
compute roughly the energy distributions of the ions. 
The distributions are in accord with the potential energy 
curves of the hydrogen molecule. 


1W. Bleakney, Phys. Rev. 35, 1180 (1930). 
?L. P. Smith and P. L. Hartman, J. App. Phys. 11, 220 (1940). 


32. The Polarization Parameters of Several Solid Di- 
electrics and Their Changes with Temperature and Com- 
position. Ropert F. Fietp, General Radio Company.— 
According to K. S. and R. H. Cole the changes in di- 
electric constant and loss factor with frequency for a single 
polarization in any dielectric are such that a plot of loss 
factor against dielectric constant is a circular arc with its 
center depressed below the dielectric constant axis. Three 
parameters are sufficient for specifying the polarization: 
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the change in dielectric constant from zero to infinite fre- 
quency, the relaxation frequency, and the storage coeffi- 
cient which is related to the depression angle. Important 
derived quantities are the zero frequency and infinite 
frequency dielectric constants and the maximum loss 
factor. Values of these six parameters have been calcu- 
lated for several dielectrics from published data which 
cover a wide temperature range. The temperature coeffi- 
cients of zero frequency dielectric constant, change in 
dielectric constant, and storage coefficient are negative. 
Relaxation frequency is an increasing exponential function 
of temperature. 


33. The Effect of High Electrostatic Fields upon the 
Vaporization and Resistance of Molybdenum Filaments. 
WALTER P. Ret, University of Pittsburgh.—In 1921 
Worthing observed decreases in the vaporization rates and 
resistances of W filaments upon application of sufficiently 
high electrostatic fields directed radially outward. The 
filaments returned to normal upon removing the fields. 
Later Gaylord Estabrook investigated the phenomena in 
greater detail using Mo filaments. Vaporization rates as 
small as 1 percent of that without a field were obtained. 
He found increases in resistance however upon application 
of the fields. Lloyd Jones working more recently with a 
very good vacuum did not observe either effect. A careful 
study of the results obtained by Estabrook reveals that 
the phenomena mentioned, as well as other factors in- 
volved, can be explained by postulating that an adsorbed 
layer of oxygen forms on the filament surface upon applica- 
tion of a field, and leaves upon its withdrawal. Equations 
based upon such an assumption are found to fit Estabrook’s 
observed variation of vaporization rate with field strength. 
The sudden change in resistance is attributed to a tem- 
perature change resulting primarily from a small change in 
emissivity. 


34. The Effect of High Electrostatic Fields on the Con- 
ductivity of Tungsten. Peter L. Vissat, University of 
Pittsburgh.—A grounded tungsten wire (0.0078-mm di- 
ameter) was mounted coaxially to a cylinder made negative 
relative to the wire and a difference of potential was applied 
between cylinder and wire. The procedure consisted of 
measuring the resistance of a tungsten wire first without 
an electric field and then with a field. With a vacuum of 
about 10-* mm Hg and with fields of about 10° volts/cm, 
measurements showed that: (1) An increase in resistance 
always resulted with the application of the field. (2) The 
change was different for different temperatures of the 
filament and for different vacuum conditions. (3) No 
measurable change occurred unless the field exceeded a 
certain value. (4) A small leakage or ionization current 
was associated with the changes in resistance. The ob- 
served changes might have been caused by: (1) leakage 
current, (2) ionization current, (3) radial stress in the wire 
resulting from the high field, or (4) other reasons. Calcula- 
tions showed that reasons (1) and (3) produce changes 
much smaller than those observed and that the results are 
explainable wholly by reason (2) if it is assumed that most 
of the ionization occurs near the surface of the wire. 
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35. The Mechanism of the Electric Spark. JoHN ZELENY, 
Yale University.—A criticism is given of Meek’s derivation 
of a formula for the radial field arising from the positive 
ions in an electron avalanche. The importance ascribed by 
Loeb and Meek to this radial field in the development of a 
spark discharge is questioned because values of sparking 
potentials in equal agreement with experiment can be 
obtained on the simple assumption that a spark will pass 
when the number of electrons liberated in an avalanche is 
10°. This assumption also leads to sparking potentials in a 
gas at different pressures which are in agreement with 
Paschen’s law. The significance of the necessity of the pro- 
duction of a large number of electrons is ascribed to the 
photo-ionization that accompanies ionization by electron 
impact. This photo-ionization must reach a certain magni- 
tude before it can definitely give rise to a conducting path 
between the two electrodes. The probability that such a 
path will be produced by a given amount of photo-ioniza- 
tion may well depend on the path length, and this may 
account for the fact that the values of sparking potentials 
computed by the formula on the assumption of a constant 
number of electrons fall more and more below the observed 
values as the distance between the electrodes is increased. 


36. A Mass Spectrometer of Wide Adaptability. N. D. 
COGGESHALL, University of Illinois—The simultaneous 
fulfillment of the conditions for: high sensitivity; high 
dispersion ; comparative freedom from space charge effects ; 
simplicity of operation; and inexpensive construction have 
been attained in an instrument for the measurement of 
relative abundances. Important features of the design are 
(1) the elimination of non-uniform and distorted magnetic 
fields in the source region as previously used in the 60° 
type of spectrometer, and (2) simplicity of construction 
and alignment. The ions are created in a magnetic field 
free region in which the electron beam moves perpendicular 
rather than parallel to the first slit. They are then acceler- 
ated towards this slit by an electrical field which remains 
fixed throughout a run. The final energy of the ions after 
passing through a second accelerating field is approxi- 
mately 1000 volts. The ion source is constructed as a unit 
in such a way that an accurate alignment of the slits is 
readily accomplished and different source arrangements 
may be used. After leaving the source, the ions are deflected 
through a mean angle of #/3 radians by a uniform sector 
shaped magnetic field into a Faraday cup. The correspond- 
ing ion beam currents are measured directly by means of 
the usual electrometer tube arrangement. 


37. Mobility of He*+ in He. RoLAND MEyerorrt, Yale 
University. (Introduced by H. Margenau.)—Tyndall and 
Powell have concluded from their measurements! that the 
mobility of He* in He is 21.4, a value which is in flagrant 
disagreement with that calculated by Massey and Mohr 
(12).2 An improved calculation of the force law does not 
remove this discrepancy, while on the other hand the 
experimental value has been confirmed. An examination of 
the earlier work of Tyndall and Powell’ reveals the value 
13 for the mobility. The two determinations differ only in 
the nature of the ion sources used. It is suggested, from 
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consideration of these ion sources, that the value 21.4 
refers not to the mobility of He* in He but to that of the 
molecule-ion Hez* in atomic helium, and that the value 13 
be taken as the mobility of He* in He. Evidence for these 
conclusions will be presented. 

1 Tyndall and Powell, Proc. Roy. Soc. 134, 125 (1931). 


? Massey and Mohr, Proc. Roy. Soc. 144, 188 (1934). 
3 Tyndall and Powell, Proc. Roy. Soc. 129, 162 (1930). 


38. Electronically Controlled Variable Capacity. L. 
GRANT HEctToR, GORDON GUERNSEY AND CHESTER MAr- 
CINKOWSKI, University of Buffalo.—Variable capacity con- 
densers are ordinarily obtained by the simple expedient of 
arranging one set of plates of a multiplate condenser to be 
moved either by hand or by a motor. The effective amount 
of capacitative reactance in a circuit may also be varied 
by placing a fixed condenser in the circuit with a variable 
series resistance included. If the variable series resistance 
consists of the plate circuit of a thermionic tube, variable 
capacitative reactance may be obtained without the use of 
mechanical moving parts. Both the type and the extent, 
as well as the rate of the variations can be controlled by 
the signal imposed on the grid of the tube. One application 
of the device is to produce warble tones for acoustical 
measurements. An obvious current application of this 
method for producing warble tones of various types is in 
combination with sirens as air raid warning signals. 


39. A Magnetic Study of the Superconducting Transi- 
tions of Hydrides and Nitrides of Columbium and Tan- 
talum. F. HupBARD Horn, W. F. Bruckscu, JR., W. T. 
ZIEGLER AND D. H. ANpDREws, The Johns Hopkins Uni- 
versity.—Measurements of magnetic induction were car- 
ried out in a duplex cryostat similar in design to the one 
reported by Simon in which liquid helium was produced 
by the expansion method in an upper vessel and the 
cooling effect transferred by refluxing to the lower vessel 
in which the samples were placed. Results may be sum- 
marized as follows where the composition is given in atom 
percent, the temperature in °K refers to the midpoint of 
the transition and the figures in parentheses give the 
approximate width of the transition: Columbium, pure 
metal, 8.98°K (0.4°); 5.06 percent H, 7.83° (2.1°); 9.89 
percent H, 7.38° (3.2°); 32.76 percent H, 7.28° (3.2°). 
Tantalum, pure metal, 4.08°K (0.2°); 3.97 percent H, 
3.62° (0.8°); 7.54 percent H, 3.26° (1.2°); 11.93 percent H, 
2.81° (1.8°). At the lowest temperature obtained, 2°K, 
tantalum nitride failed to become superconducting. In 
columbium nitride (CbN) superconductivity first appeared 
at about 14.5°K and the substance passed through a 
transition 1.3° in width as the temperature was lowered. 
A direct electrical measurement of the resistance on a 
sample of compressed powder showed a drop in resistance 
from about 10 ohms in the normal state to 0.4 ohm when 


superconducting. 


40. On the Adiabatic Demagnetization of Iron Alum. 
J. A. SAvER,* Harvard University Experiments performed 
by Casimir and De Haas! on the adiabatic demagnetization 
of iron alum from high initial fields have determined the 
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relationship between the magnetic moment and the field 
strength. The proper qualitative form of this relationship 
was derived from theoretical considerations by the same 
authors but only for the case of low values of the initial 
magnetizing field. For high values no theoretical solution 
was available. This is now obtained by using a method of 
attack originally developed by Van Vleck but extending it 
to include the effect of the crystalline field that, together 
with the magnetic dipole-dipole interaction, hinders the 
free orientation of the paramagnetic ions. The theoretical 
expression for the variation of the adiabatic magnetic 
moment with the magnetic field strength is found to com- 
pare favorably, quantitatively as well as qualitatively, 
with that determined by experiment. It is also shown that 
if the true thermodynamic temperature be determined by 
the method of De Haas and Wiersma—T proportional 
to H—the error involved is negligible over a suitable 
temperature range. 


* Now at Mellon Institute, University of Pittsburgh. 
1H. B. G. Casimir and W. J. De Haas, Physica 7 (1940). 


41. Crystal Planes Developed by d.c. Heating of Tan- 
talum. D. B. Lancmurr, RCA Research Laboratories, Inc.* 
—The “etching” of metallic surfaces by action of steady 
voltage gradients' has been studied. Tantalum strips 
0.001” thick and 1-5 mm wide often recrystallize with 
grain diameters over 1 mm when heated to about 2500°K. 
Heating to about 2100°K in vacuum with d.c. for several 
hours causes surfaces to become deeply ridged. Spacing 
between adjacent ridges is of order 0.01 mm. Opposite 
sides of the same crystal grains usually show radically 
different surface structures. A.c. heating develops no 
structure, surfaces remaining mirror smooth. Negligible 
evaporation occurs. Twelve crystal grains have been 
studied by both x-ray and optical observations. Laue back 
reflection patterns showed the orientation of the body- 
centered cubic axes. Using a simple optical goniometer, 
reflections from the macroscopic “‘etched”’ surfaces have 
been found to be sharp in some cases to 2° and in most to 
better than 5°. The combined observations give the Miller 
indices of the macroscopic surfaces developed by the d.c. 
heating. The prominent optical reflections (2 or 3 from an 
average crystal) come from surfaces coinciding mostly 
within 5° with low index atomic planes. (110), (211), and 
(100) surfaces have been found. Which particular set of 
surfaces develops depends upon the orientation of the 
crystal axes and upon the polarity of the current flow. 
Were optical measurements alone made, the false conclu- 
sion could be drawn that the crystal had a polar axis 

* Now employed by the Office of Scientific Research and Develop- 


ment, Washington, D. C. 
1R. P. Johnson, Phys. Rev. 54, 459 (1938). 


42. The Crystal Structure of Tetraphenyl Arsonium Tri- 
Iodide. Rose C. L. Mooney, Newcomb College, Tulane 
University.—As part of a study of the effect of cation size 
upon the structure and properties of tri-iodide compounds 
in the solid state, the crystal structure of tetra-pheny] 
arsonium tri-iodide, (CsHs),AsI3, has been determined by 
means of x-rays. The cation tetrahedron, previously 
measured in the iodide, has an edge of almost eight ang- 


stroms. Unlike the better known tri-iodides, the tetra- 
pheny] arsonium salt is very stable and extremely insoluble. 
The diffraction data was obtained from very small single 
crystals by the equi-inclination Weissenberg technique. 
The structure was determined directly from x-ray data by 
Fourier methods. The crystal is monoclinic, and has the 
symmetry of P2/n(Cos*). There are two molecules in a cell 
of dimensions, a=15.31A, b=7.63A, c=10.61A; angle 
8=93.4°. The density, from x-ray measurements, is 2.04 
g/cc. The arsenics and one pair of iodines are, respectively, 
in rotation axes and symmetry centers. The remaining 
parameters, forty in number, have also been accurately 
determined, so that there is excellent agreement between 
observed and calculated structure amplitudes. The tetra- 
phenyl arsonium ions are packed between layers of tri- 
iodide ions, with carbon-iodine coordination distances of 


4.15A. 


43. Dispersion of Sound at High Frequencies in Cylin- 
drical Rods. GrorGeE E. Hupson, Brown University. 
(Introduced by R. B. Lindsay.)—The theory of elastic 
vibrations in solid circular cylindrical rods of homogeneous 
isotropic materials is redeveloped from the general equa- 
tions of elasticity with the following general results: (1) for 
any mode of vibration the ratio of the velocity of any 
elastic wave travelling along the rod to the velocity co 
of shear waves is the same for any two rods whose Poisson 
ratios are equal and whose ratios of circumference to shear 
wave-length are equal, (2) if the velocity of propagation 
for any particular mode remains less than ¢o as the fre- 
quency or radius is increased indefinitely, this velocity 
approaches that of Rayleigh surface-waves, (3) a consider- 
able simplification is introduced into the method of com- 
puting dispersion curves for any mode. This investigation 
generalizes and extends the work of Bancroft,' on elonga- 
tional waves, and, further, a table of dispersion curves for 
the flexural mode of vibration is computed. The dispersion 
curves for magnesium are compared with the experimental 
results of Shear and Focke.? Excellent agreement between 
theory and experiment is obtained for the first elongational 
and flexural branches. 


' Bancroft, Phys. Rev. 59, 588-593 (1941). 
2 Shear and Focke, Phys. Rev. 57, 532-537 (1940). 


44. An Experimental Study of the Vibrations of Incom- 
plete “Free-free” Circular Rings. F. P. Bunpy anp CLypE 
W. BANKEs, Ohio University.—The rings used in this in- 
vestigation had air gaps of nearly 4° between the free ends. 
The first five modes of vibration in the plane of the ring 
and the first four modes of vibration transverse to the plane 
of the ring were successfully produced. In each case the 
frequency and the “‘form” of the vibration were determined 
as accurately as possible. It was found that the frequency 
of vibration in the plane of the ring is given accurately by 
the expression, 


fu=(K,/D*)(EI/m)}, 
where is the mode of vibration, D the mean diameter of 
the ring, EJ the bending stiffness in the plane of the ring, 
m the mass per unit length, and KX, a constant which de- 
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pends upon . The frequencies for vibrations transverse 
to the plane of the ring are given by a similar expression 
in which the “‘constant’’ K depends upon » and the ratio 
of bending stiffness to torsional stiffness. 


45. Use of the Pierce Interferometer for Measuring the 
Absorption of Sound in Gases.* Howarp C. Harpy, 
University of New Hampshire.—An empirical equation has 
been used by Pielemeier to measure the absorption of 
sound in gases at high frequencies. It gives the energy 
absorption coefficient per wave-length, u, as 


where 

Ala, AIp=differences between the plate current at reso- 
nance and anti-resonance, the reflector being 
at positions A, B. 

Ne—Na=the number of whole wave-lengths between A 
and B, 


This equation is here derived from theoretical considera- 
tions of the principles of the Pierce interferometer and the 
quartz oscillator and is found to be an excellent approxi- 
mation when certain conditions as to reflector position 
and sound energy are fulfilled. The criteria for accurate 
measurement at high frequency of absorption coefficients 
are set up and experimental verification is shown. A more 
complete explanation of the effect of sound resonance on 
the quartz oscillator is given also. 


* This research was carried out at the Pennsylvania State College 
State College, Pennsylvania. 


46. The Translational Dispersion of Sound in Gases. 
H. PrimMaAkorFr, Queens College—The translational dis- 
persion of sound in gases is discussed from the standpoint 
of kinetic theory. The distribution function for molecular 
velocities in a gas carrying a sound wave is used to deter- 
mine the space and time dependence of the gas pressure, 
density, and mean molecular velocity. Thus, an explicit 
relation is derived for the variation of the sound velocity V, 
with frequency; in monatomic gases this relation is: 
V = Vo(1—5.4/?/d*), where 1 is the molecular mean free 
path and J is the wave-length. The possibility of experi- 
mental observation of translational dispersion is briefly 


discussed. 


47. The Coefficient of Thermal Diffusion of Argon and 
Its Variation with Temperature. L. G. Stier, University of 
Minnesota.—Nier has measured the coefficients of thermal 


diffusion of methane! and neon? and in both cases observed 
a definite temperature dependence. Using the 9,5 Lennard- 
Jones* model of intermolecular forces with appropriate 
modifications, Jones obtained quantitative agreement with 
Nier’s experimental results. The same theory also predicts 
that Rr is negative for temperatures less than 1.547.., 
where Rr is the ratio of a to the value computed for hard 
spheres and 7, is the critical temperature. For argon the 
coefficient would be negative in the range 90° to 195°K. 
The coefficient of thermal diffusion of argon has been 
measured over seven different temperature intervals from 
90°K to 833°K. In all cases a was positive. The results 
show that within experimental error @ varies linearly with 
In T if T is the “average” temperature over the range as 
calculated from Sutherland’s model.‘ The R7’s fall between 
those of neon? and methane! for corresponding temperature 
ranges and agree with those computed from measurements 
of binary mixtures of the rare gases.® 


' A. O. Nier, Phys. Rev. 56, 1009 (1939). 

2 A. O. Nier, Phys. Rev. 57, 338 (1940). 

3R. C. Jones, Phys. Rev. 59, 1019 (1941). 

‘ Harrison Brown, Phys. Rev. 58, 661L (1940). 

5 B. E. Atkins, R. E. Bastick, and T. L. Ibbs, Proc. Roy. Soc. A172, 
( 


48. Effect of Double Layer on the Forces Between 
Neutral Molecules and Metal Surfaces. W. G. PoLLarp, 
University of Tennessee.—Consideration is given to the 
question whether the existence of a double layer, such as 
that considered by Smoluchowski! in connection with the 
electronic work function, wili profoundly modify the van 
der Waals force? between a metal surface and a neutral 
atom. It is found that the “‘spreading”’ effect! increases the 
coefficient of the van der Waals force without changing its 
(asymptotic) dependence on distance of separation; the 
relative change in the energy is given by AW/W ~20(p/e)r,, 
p being dipole moment per unit area of the surface layer, 
r, the radius of the s sphere. For sodium this change 
amounts to only about 7 percent, but for tungsten it may 
increase the energy by as much as 50 percent. The differ- 
ence between the various faces is small. An investigation of 
the “smoothing” effect shows it to produce a dependence 
of forces on distance differing from the R~‘-law; in fact the 
energy decreases exponentially. While it modifies strongly 
the forces near the surface and is therefore important in a 
complete consideration of the adsorption problem, it does 
not change the asymptotic form of the interaction. 


1 R. Smoluchowski, Phys. Rev. 60, 661 (1941). 
? H. Margenau and W. G. Pollard, Phys. Rev. 60, 128 (1941). 
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